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1. Synthesis.

General considerations:  The syntheses of triads 1-8 was performed using modifications of our 
previous synthesis of 6 (16) (Figure S1). The first step of the sequence is the condensation of para-
phenolate aldehydes and anthracenyl lithium reagents. In contrast to our previous synthesis, use of 
para-phenolate aldehydes instead of para-anisole aldehydes has the advantage that deprotection of 
the phenolic hydroxyl group in the last step of the sequence is not required. This results in higher 
overall yields and better functional group tolerance in the revised synthesis. In addition, switching 
from a Negishi to a Suzuki-Miyaura coupling with phenol-boryl nucleophiles enables the use of a 
range of commercially available bromo-pyridine electrophiles. 

Materials: The following materials were used without any special purification. 3-bromo-4-
hydroxybenzaldehyde (Sigma Aldrich), 9-bromo-anthracene (Sigma Aldrich), n-BuLi 1.6 M in 
hexane (Sigma Aldrich), triethylsilane (Sigma Aldrich), BF3•Et2O (Sigma Aldrich), 
bis(pinacolato)diboron (Alfa Aesar), Pd2(dba)3 (Aldrich), tricyclohexylphosphine (Sigma Aldrich), 
[Pd(PPh3)4] (Sigma Aldrich), 2-bromo-4- methylpyridine (Across Organics), 2-bromo-4-
methoxypyridine (Santa Cruz Chemicals), 2-bromo-4-N-dimethylaminopyridine (Ark Pharm), 2-
bromo-4-cyanopyridine (Alfa Aesar), 2-bromo-pyridine (Sigma Aldrich), 2-bromo-4-
trifluoromethylpyridine (Alfa Aesar), 2-bromo-6-trifluoromethylpyridine (TCI Chemicals), 9-
cyano-10-methyl anthracene (9-CN-10Me-AN) used as a reference for spectro-electrochemistry and 
transient spectroscopy was synthetized using the literature procedure reported by Torrado et al. 
(27). All solvents for synthetic procedures purified using a Glass Contour Solvent Purification 
System (Pure Process Technology, LLC, Nashua, NH) or purified by standard solvent purification 
methods (28). Colum chromatography was done using silica gel 230-400 mesh, Grade 6 (Fisher 
Scientific).  

Instrumentation: NMR spectra were recorded on Bruker 400, 500 and 600 MHz spectrometers at 
room temperature. Spectra were referenced internally by the residual solvent proton signal for 1H 
NMR and by the solvent signal for 13C NMR spectra. Elemental analyses were performed by 
Robertson Microlit Laboratories, Ledgewood, NJ. Liquid chromatography mass spectrometry 
(LCMS) data was obtained on a Waters UPLC/ESI instrument. Samples were eluted over a reverse-
phase C18 column (1.7 μm particle size, 2.1 × 50 mm) with a linear gradient of 5% 
acetonitrile−water containing 0.1% formic acid → 95% acetonitrile−water containing 0.1% formic 
acid over 1.6 min, followed by 100% acetonitrile containing 0.1% formic acid for 1 min, at a flow 
rate of 600 μL/min. High resolution mass spectroscopy (HRMS) data was obtained on an Orbitrap 
XL mass spectrometer (ThermoFisher Scientific) via API electrospray source. The ionization source 
parameters were: ESI voltage (4 kV); tube lens (125 V); capillary temperature (300 °C) and voltage 
(20 V); auxiliary and sheath gas flow rate (10 and 11, respectively). MS data were collected in 
profile mode at a resolution of 100,000 in the Orbitrap detector and for 10 scans in positive mode 
conditions. The resulting mass spectra are averages over 10 scans. Peak picking and analyses were 
carried out with Xcalibur Software (v. 2.6). Samples for high resolution mass spectrometry were 
prepared in acetonitrile with 0.05% formic acid. Solutions were directly injected (at 6 µL/min flow 
using a 500µL Hamilton Syringe). 
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Figure S1. Synthetic route for triads 1-8.  
 
4-(anthracen-9-yl(hydroxy)methyl)-2-bromophenol (9): A flame dried Schlenk flask loaded with 
2.31 g (11.5 mmol) of 3-bromo-4-hydroxybenzaldehyde and 30 ml of dry THF was cooled to -78 ᵒC 
in an acetone/dry ice slurry under nitrogen atmosphere. A second flame dried Schlenk flask was 
loaded with 2.95 g (11.5 mmol) of 9-bromo-anthracene and 30 ml of dry THF, and then the mixture 
was also cooled to -78 ᵒC in an acetone/dry ice slurry under nitrogen atmosphere. 7.9 ml of n-BuLi 
1.6 M in hexane were added dropwise over 20 minutes to each of the mixtures. The formed slurries 
were stirred at -78 ᵒC for 30 minutes. Next, the slurry of the lithiated anthracenyl was transferred 
dropwise via a gauge 10 Teflon cannula into the solution of the lithium phenolate, both flasks at -78 
ᵒC vigorously stirred. To aid completing the transfer, 30 ml of dry THF were added to the lithiated 
anthracenyl flask. Upon completion of the transference, the reaction was stirred overnight allowing 
it to reach room temperature under nitrogen atmosphere. 5 ml of saturated aqueous NH4Cl were 
added. The solvent was evaporated under vacuum and the residue was extracted with 
dichloromethane and brine. The organic extract was dried over anhydrous MgSO4 and concentrated 
under vacuum for further column chromatography on silica gel eluted with n-hexane/ethyl acetate 
7:3. The title compound co-eluted in fractions with Rf = 0.25, which were concentrated under 
vacuum yielding 3.74 g of a red oil. The title compound was identified by 1H-NMR and used in 
subsequent reactions without further purification. 1H-NMR (400 MHz, 298 K, CDCl3): δ 8.51 (s, 
1H, Anth), 8.40 – 8.29 (m, 2H, Anth), 8.09 – 8.00 (m, 2H, Anth), 7.60 (dd, J = 2.2, 1.1 Hz, 1H, 3-
PhOH), 7.51 – 7.39 (m, 4H, Anth), 7.10 (dd, J=8.4, 2.2, 1H, 5-PhOH), 6.88 (d, J = 8.4 Hz, 1H, 6-
PhOH), 5.43 (s, 1H, -CH-), 3.54 (s, br, 1H, OH). MS (ESI): Calcd. for C21H14BrO+

 [M-OH]+ 
361.02, found 361.05(100%), 363.01(95%) m/z. 
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10-((3-bromo-4-hydroxyphenyl)(hydroxy)methyl)anthracene-9-carbonitrile (10): The title 
compound was synthetized similarly to 9 starting from 10-bromoanthracene-9-carbonitrile, (29) The 
product was isolated as pale yellow solid. Yield 0.326 g, 28%. 1H-NMR (400 MHz, 298 K, CDCl3): 
δ 8.50 (d, J = 8.6 Hz, 2H, Anth), 8.45 (d, J = 9.0 Hz, 2H, Anth), 7.70 (ddd, J = 9.0, 8.6, 0.8 Hz, 2H, 
Anth), 7.57 (s, 1H, OH), 7.55 (ddd, J = 9.0, 8.6, 1.2 Hz, 2H, Anth), 7.36 (d, J = 4.0 Hz, 1H, 3-
PhOH), 7.06 (dd, J=8.37, 1.51, 1H, 5-PhOH), 6.90 (d, J = 8.5 Hz, 1H, 6-PhOH), 5.46 (s, 1H –CH-), 
5.30 (s, 1H, OH). 13C-NMR (151 MHz, 298 K, CDCl3): δ 151.59, 140.43, 136.59, 133.42, 129.40, 
129.21, 128.63, 127.12, 126.88, 126.48, 125.88, 117.39, 116.17, 110.75, 107.86, 69.64, 
corresponding to 20 aromatic carbon signals (only one set of signals for the peripheral anthracene 
benzene rings is resolved), and one methylene carbon. HRMS (ESI): Calcd. for C22H13BrNO+

 [M-
HO]+ 386.0175, found 386.0187(100%), 388.0178(95%) m/z.  

4-(anthracen-9-ylmethyl)-2-bromophenol (11): A flame dried Schlenk flask loaded with 3.72 g 
(7.8 mmol, ca. 80% pure) of 9 and 200 ml of dry dichloromethane was cooled to -78 ᵒC in an 
acetone/dry ice slurry under nitrogen atmosphere. 4.75 mL (30 mmol) of triethylsilane were added 
dropwise over 5 minutes followed by 3.75 mL (30 mL) of BF3•Et2O 48% w/v were added dropwise 
over 5 minutes. The formed slurry was stirred overnight and allowing it to reach room temperature 
under nitrogen atmosphere. After this, 5 ml of saturated aqueous NH4Cl were added and then the 
mixture was extracted with brine. The organic extract was dried over anhydrous MgSO4 and 
concentrated under vacuum. This yielded a red oil that solidified into a yellow solid standing on the 
bench. The solid was washed with pentane/diethylether 1:1. The title compound was isolated as pale 
yellow solid. Yield 1.95 g, 69%. 1H-NMR (500 MHz, 298 K, CDCl3): δ 8.45 (s, 1H, Anth), 8.21 – 
8.12 (m, 2H, Anth), 8.09 – 8.00 (m, 2H, Anth), 7.51 – 7.43 (m, 4H, Anth), 7.20 (d, J = 2.2 Hz, 1H, 
3-PhOH), 6.95 (dd, J = 8.4, 2.2 Hz, 1H, 5-PhOH), 6.85 (d, J = 8.4 Hz, 1H, 6-PhOH), 5.32 (s, br, 1H, 
OH), 4.92 (s, 2H, -CH2-). 13C-NMR (151 MHz, 298 K, CDCl3): δ 150.41, 134.55, 131.64, 131.14, 
131.12, 130.41, 129.20, 128.86, 126.84, 126.09, 124.97, 124.50, 115.94, 110.32, 32.33, 
corresponding to 20 aromatic carbon signals (only one set of signals for the peripheral anthracene 
benzene rings is resolved), and one methylene carbon. HRMS (ESI): Calcd. for C21H15BrOH+

 

[M+H+] 363.0379, found 363.0215(100%), 363.0391(95%) m/z. 

10-(3-bromo-4-hydroxybenzyl)anthracene-9-carbonitrile (12): The title compound was 
synthetized similarly to 11, which was isolated as pale yellow solid. Yield 0.205 g, 73%. 1H-NMR 
(400 MHz, 298 K, CDCl3): δ 8.51 (dt, J = 8.7, 1.1 Hz, 2H, Anth), 8.26 (dt, J = 8.9, 1.1 Hz, 2H, 
Anth), 7.73 (ddd, J = 8.7, 6.6, 1.1 Hz, 2H, Anth), 7.60 (ddd, J = 8.9, 6.6, 1.2 Hz, 2H, Anth), 7.16 (d, 
J = 2.0 Hz, 1H, 3-PhOH), 6.92 (dd, J = 8.4, 2.0 1H, 5-PhOH), 6.87 (d, J = 8.4 Hz, 1H, 6-PhOH), 
5.35 (s, 1H, OH), 4.98 (s, 2H, -CH2-). 13C-NMR (151 MHz, 298 K, CDCl3): δ 150.98, 138.84, 
133.37, 131.24, 129.95, 128.93, 128.70, 127.24, 126.50, 125.49, 117.62, 116.38, 110.69, 106.11, 
33.03, corresponding to 20 aromatic carbon signals (only one set of signals for the peripheral 
anthracene benzene rings is resolved), and one methylene carbon. HRMS (ESI): Calcd. for 
C22H14BrNOH+

 [M+H+] 388.0332, found 388.0343 (100%), 390.0.323(95%) m/z. Crystals suitable 
for X-ray crystallography were obtained by slow evaporation of chloroform solutions. 

4-(anthracen-9-ylmethyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (13): In the 
glovebox, a microwave vial was loaded with 0.5 g (1.4 mmol) of 10, 0.387 g (1.5 mmol) of 
bis(pinacolato)diboron, 0.204 g (2.08 mmol) of potassium acetate, 0.038 g (0.041mmol) Pd2(dba)3, 
0.054 g (0.192 mmol) of tricyclohexylphosphine and 7.5 mL of dioxane. The vial was sealed, 
brought outside the glovebox to be placed in an oil bath with stirring at 100 ᵒC overnight. After this, 
the mixture was passed through a Celite filter while washed with dichloromethane. The mixture was 
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concentrated under vacuum. The concentrate was treated with pentane/diethylether 3:1 to yield a 
pale off-white powder. Attempting further purification by chromatography resulted on product 
decomposition, at least in part due to deborylation. Hence, the off-white powder obtained from 
pentane/diethylether 3:1 washing was dried under vacuum and used in subsequent reactions without 
further purification. Yield 0.201 g. 1H-NMR (400 MHz, 298 K, CDCl3): δ 8.42 (s, 1H, Anth), 8.25 – 
8.16 (m, 2H, Anth), 8.07 – 7.98 (m, 2H, Anth), 7.71 (d, J = 2.4 Hz, 1H, 3-PhOh), 7.45 (dt, J = 6.5, 
3.2 Hz, 4H, Anth), 6.76 (dd, J = 8.5, 2.4 Hz, 1H, 5-PhOH), 6.59 (d, J = 8.5 Hz, 1H, 6-PhOH), 4.93 
(s, 2H, -CH2-), 1.38 (s, 12H, -CH3).  

10-(4-hydroxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)anthracene-9-
carbonitrile (14): The title compound was synthetized similarly to 13. Likewise, it was isolated as 
yellow solid and used in subsequent reactions without further purification. Yield 0.147 g. 1H-NMR 
(400 MHz, 298 K, CDCl3): δ 8.49 (d, J = 8.7 Hz, 2H, Anth), 8.31 (d, J = 8.9 Hz, 2H, , Anth), 7.71 
(ddd, J = 8.7, 6.5, 1.2 Hz, 2H, Anth), 7.63 (d, J = 2.1Hz, 1H, 3-PhOH), 7.57 (ddd, J = 8.9, 6.5, 1.2 
Hz, 2H, Anth), 6.74 (dd, J = 8.5, 2.1 Hz, 1H, 5-PhOH), 6.63 (d, J = 8.5 Hz, 1H, 6-PhOH), 4.98 (s, 
2H, -CH2-), 1.37 (s, 12H, -CH3).  

10-(4-hydroxy-3-(4-methylpyridin-2-yl)benzyl)anthracene-9-carbonitrile (1): In the glovebox, a 
microwave vial was loaded with 0.042 g (0.097 mmol, ca. 80% pure) of 14, 0.005 g (0.005 mmol) 
of [Pd(PPh3)4], 13.2 μL (0.116 mmol) of 2-bromo-4- methylpyridine and 3 mL of toluene/ethanol 
2:1. The vial was sealed, brought outside the glovebox and 0.15 mL of 2M K2CO3(aq) were added 
followed by N2(g) bubbling for 10 minutes. The vial was placed in an oil bath with stirring at 80 ᵒC 
for 4 hours. After this, the mixture was extracted with ethyl acetate and water. The organic extract 
was dried over anhydrous MgSO4 and concentrated under vacuum for further column 
chromatography on silica gel eluted with n-hexane/ethyl acetate 4:1. The compound was isolated as 
yellow solid. Yield 0.021 g, 54%. 1H-NMR (500 MHz, 298 K, CDCl3): δ 14.36 (s, 1H, PhOH), 8.51 
(d, J = 8.6 Hz, 2H, Anth), 8.37 (d, J = 8.9 Hz, 2H, Anth), 8.32 (d, J = 5.2 Hz, 1H, 6-py), 7.72 (ddd, J 
= 8.6, 6.6, 0.9 Hz, 2H, Anth), 7.59 (ddd, J = 8.8, 6.6, 1.1 Hz, 2H, Anth), 7.59 (d, J = 2.1 Hz, 1H, 3-
PhOH), 7.40 (s, 1H, 3-py), 7.02 (d, J = 5.2 Hz, 1H, 5-py), 6.92 (dd, J = 8.5, 2.1 Hz, 1H, 5-PhOH), 
6.85 (d, J = 8.5 Hz, 1H, 6-PhOH), 5.04 (s, 2H, -CH2-), 2.36 (s, 3H, -CH3). 13C-NMR (126 MHz, 
298 K, CDCl3) δ 158.82, 157.31, 149.13, 145.65, 139.95, 133.40, 131.00, 130.05, 129.60, 128.64, 
127.01, 126.39, 125.82, 125.40, 122.86, 119.63, 119.02, 118.98, 117.76, 105.73, 33.66, 21.78 
corresponding to 23 aromatic carbon signals (only one set of signals for the peripheral anthracene 
benzene rings is resolved), one methylene carbon, and one methyl carbon. Anal. Calcd. for 
C28H20N2O: C 83.98; H 5.03; N 7.00, found C 83.49; H 5.11; N 6.92. HRMS (ESI): Calcd. for 
C28H20N2OH+

 [M+H+] 401.1654, found 401.1676 m/z. Crystals suitable for X-ray crystallography 
were obtained by slow evaporation of hexanes/ethyl acetate solutions. 

10-(4-hydroxy-3-(4-methoxypyridin-2-yl)benzyl)anthracene-9-carbonitrile (2): The title 
compound was synthetized similarly to 1 using intermediate 14 (ca. 80% pure) and 2-bromo-4-
methoxypyridine. The purification was done using column chromatography on silica gel eluted with 
n-hexane/ethyl acetate 4:1.The compound was isolated as yellow solid. Yield 0.035 g, 62%. 1H-
NMR (400 MHz, 298 K, CDCl3): δ. 14.39 (s, 1H, PhOH), 8.51 (dt, J = 8.7, 1.0 Hz, 2H, Anth), 8.37 
(dt, J = 9.0, 1.0 Hz, 2H, Anth), 8.29 (d, J = 5.9 Hz, 1H, 6-py), 7.72 (ddd, J = 8.7, 6.6, 1.1 Hz, 2H, 
Anth), 7.60 (ddd, J = 8.9, 6.6, 1.3 Hz, 2H, Anth), 7.45 (d, J = 2.4 Hz, 1H, 3-PhOH), 6.97 (d, J = 2.4 
Hz, 2H, 3,5-py), 6.86 (d, J = 8.4 Hz, 1H, 5-PhOH), 6.73 (dd, J=8.4, 2.4,1H, 6-PhOH), 5.05 (s, 2H, -
CH2-), 3.80 (s, 3H, -CH3). 13C-NMR (151 MHz, 298 K, CDCl3) δ 139.32, 133.19, 133.12, 132.30, 
131.12, 130.79, 129.81, 129.73, 128.56, 128.54, 127.50, 127.13, 127.03, 126.31, 126.15, 125.67, 
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125.40, 118.86, 117.50, 117.31, 109.40, 108.87, 105.61, 56.38, 33.06, corresponding to 25 aromatic 
carbon signals (only one set of signals for the peripheral anthracene benzene rings is resolved), one 
methylene carbon, and one methyl carbon. Anal. Calcd. for C28H20N2O2: C 80.75; H 4.84; N 6.73, 
found C 80.31; H 4.77; N 6.63. HRMS (ESI): Calcd. for C28H20N2O2H+

 417.1603 [M+H+], found 
417.1628 m/z. 

10-(3-(4-(dimethylamino)pyridin-2-yl)-4-hydroxybenzyl)anthracene-9-carbonitrile (3): The 
title compound was synthetized similarly to 1 using intermediate 14 (ca. 80% pure) and 2-bromo-4-
N-dimethylaminopyridine. Regular column chromatography on silica gel eluting with hexanes / 
ethyl acetate mixtures were unsuccessful to isolate the product. Instead, a short silica plug of the 
reaction mixture concentrate (obtained in a similar workup as for 1) was dry loaded and eluted with 
hexanes and ethyl acetate, this allowed elution of the deborylation and other unknown byproducts. 
This was followed by elution with ethyl acetate / triethylamine 2:1, this allowed desorption of the 
product from the silica. The organic fraction was concentrated under vacuum and further extracted 
with hot ethyl acetate. Upon cooling, the organic extract was discarded and the yellow precipitate 
isolated for further extraction with dichloromethane / water to remove triethylammonium salts. The 
organic extract was dried over anhydrous MgSO4 and then concentrated under vacuum. The 
compound was isolated as yellow solid. Yield 0.018 g, 41%. 1H-NMR (500 MHz, 298 K, CD2Cl2): 
δ 14.80 (s, br, 1H, PhOH), 8.46 (ddt, J = 13.0, 8.8, 1.0 Hz, 4H, Anth), 8.02 (d, J = 6.0 Hz, 1H, 6-
py), 7.72 (ddd, J = 8.6, 6.6, 1.2 Hz, 2H, Anth), 7.62 (ddd, J = 8.9, 6.6, 1.4 Hz, 2H, Anth), 7.46 (d, J 
= 2.5 Hz, 1H, 3-PhOH), 6.98 (dd, J = 8.4, 2.3 Hz, 1H, 3-py), 6.74 (d, J = 8.5 Hz, 1H, 5-py), 6.57 (d, 
J = 2.6 Hz, 1H, 6-PhOH), 6.42 (dd, J = 6.2, 2.6 Hz, 1H, 5-PhOH), 5.06 (s, 2H, -CH2-), 2.92 (s, 6H, -
CH3). 13C-NMR (101 MHz, 298 K, CD2Cl2) δ 159.35, 157.42, 155.47, 145.89, 140.98, 133.64, 
130.73, 130.22, 129.33, 128.90, 127.13, 126.45, 126.26, 125.75, 119.68, 118.69, 117.78, 105.80, 
105.51, 100.55, 39.35, 33.51, corresponding to 25 aromatic carbon signals (only one set of signals 
for the peripheral anthracene benzene rings is resolved), one methylene carbon and two methyl 
carbons (only one methyl carbon is resolved). Anal. Calcd. for C29H23N3O: C 81.09; H 5.40; N 
9.78, found C 80.76; H 5.51; N 9.61. HRMS (ESI): Calcd. for C29H23N3OH+

  [M+H+] 430.1919, 
found 430.1942 m/z. Crystals suitable for X-ray crystallography were obtained by slow evaporation 
of dichloromethane solutions. 

2-(5-((10-cyanoanthracen-9-yl)methyl)-2-hydroxyphenyl)isonicotinonitrile (4): The title 
compound was synthetized similarly to 1 using intermediate 14 (ca. 80% pure) and 2-bromo-4-
cyanopyridine. The purification was done using column chromatography on silica gel eluted with n-
hexane/ethyl acetate 4:1.The compound was isolated as yellow solid. Yield 0.038 g, 63%. 1H-NMR 
(400 MHz, 298 K, CDCl3): δ 13.17 (s, 1H, PhOH), 8.65 (dd, J = 5.2, 1.0 Hz, 1H, 6-py), 8.53 (dt, J = 
8.7, 1.0 Hz, 2H, Anth), 8.33 (dt, J = 8.9, 1.0 Hz, 2H, Anth), 7.83 (t, J = 1.3 Hz, 1H, 3-py), 7.74 
(ddd, J = 8.7, 6.6, 1.2 Hz, 2H, Anth), 7.61 (ddd, J = 9.0, 6.6, 1.3 Hz, 2H, Anth), 7.55 (d, J = 2.4 Hz, 
1H, 3-PhOH), 7.42 (dd, J = 5.2, 1.4 Hz, 1H, 5-py), 7.02 (dd, J = 8.6, 2.3 Hz, 1H, 5-PhOH), 6.90 (d, 
J = 8.6 Hz, 1H, 6-PhOH), 5.06 (s, 2H, -CH2-). 13C-NMR (101 MHz, 298 K, CDCl3) δ 159.03, 
158.67, 147.45, 139.16, 133.41, 132.73, 130.65, 130.02, 128.73, 127.22, 126.59, 125.60, 125.56, 
125.52, 122.60, 122.44, 121.53, 119.64, 117.63, 117.59, 116.27, 106.14, 33.56, corresponding to 25 
aromatic carbon signals (only one set of signals for the peripheral anthracene benzene rings is 
resolved), and one methylene carbon. Anal. Calcd. for C28H17N3O: C 81.73; H 4.16; N 10.21, found 
C 81.48; H 4.21; N 10.12. HRMS (ESI): Calcd. for C28H17N3OH+

 [M+H+] 412.1450, found 
412.1477 m/z. 
4-(anthracen-9-yl-methyl)-2-(4-methylpyridin-2-yl)phenol (5): The title compound was 
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synthetized similarly to 1 using 13 (ca. 90% pure) and 2-bromo-4-methylpyridine with purification 
employing column chromatography on silica gel eluted with n-hexane/ethyl acetate 8:1. The 
compound was isolated as an off-white solid. Yield 0.049 g, 31%. 1H-NMR (400 MHz, 298 K, 
CDCl3): δ 14.31 (s, 1H, PhOH), 8.45 (s, 1H, Anth), 8.34 – 8.23 (m, 3H, Anth, 6-py), 8.10 – 8.01 
(m, 2H, Anth), 7.65 (d, J = 2.4 Hz, 1H, py), 7.52 – 7.42 (m, 5H, Anth, 3-PhOH), 7.03 – 6.94 (m, 
2H, 5-py, 5-PhOH), 6.84 (d, J = 8.4 Hz, 1H, 6-PhOH), 5.00 (s, 2H, -CH2-), 2.35 (s, 3H). 13C-NMR 
(151 MHz, 298 K, CDCl3) δ 156.06, 141.80, 132.86, 132.44, 131.77, 131.75, 130.60, 130.58, 
129.26, 127.50, 126.82, 126.25, 125.15, 124.92, 123.67, 119.09, 117.19, 32.77, 22.25, 
corresponding to 25 aromatic carbon signals (only one set of signals for the peripheral anthracene 
benzene rings is resolved), one methylene carbon, and one methyl carbon. Anal. Calcd. for 
C27H21NO: C 86.37; H 5.64; N 3.73, found C 85.21; H 5.98; N 3.46. HRMS (ESI): Calcd. for 
C27H21NOH+

 [M+H+] 376.1701, found 376.1723 m/z. Crystals suitable for X-ray crystallography 
were obtained by slow evaporation of chloroform solutions.  

4-(anthracen-9-ylmethyl)-2-(pyridin-2-yl)phenol (6): The title compound was synthetized 
similarly to 1 using 13 (ca. 90% pure) and 2-bromo-pyridine with purification employing column 
chromatography on silica gel eluted with n-hexane/ethyl acetate 4:1. The title compound was 
isolated as an off-white power. Yield 0.089 g, 64 %. 1H-NMR (500 MHz, 298 K, CDCl3): δ 14.10 
(s, 1H, PhOH), 8.48 – 8.41 (m, 2H, Anth, 6-py), 8.32 – 8.22 (m, 2H, Anth), 8.08 – 8.03 (m, 2H, 
Anth), 7.68 (td, J = 8.3, 1.8 Hz, 1H, py), 7.56 – 7.51 (m, 2H, 3-py, 3-PhOH), 7.51 – 7.44 (m, 4H, 
Anth), 7.16 (ddd, J = 7.6, 7.5, 0.8 Hz , 1H, py), 7.08 (dd, J = 8.5, 2.0 Hz, 1H, 5-PhOH), 6.88 (d, J = 
8.5 Hz, 1H, 6-PhOH), 5.00 (s, 2H, -CH2-). 1H-NMR (126 MHz, 298 K, CDCl3): δ 158.40, 158.01, 
145.97, 137.73, 132.24, 131.93, 131.55, 131.05, 130.76, 129.31, 126.73, 126.09, 125.58, 125.11, 
124.98, 121.44, 119.18, 118.84, 118.82, 33.08, corresponding to 25 aromatic carbon signals (only 
one set of signals for the peripheral anthracene benzene rings is resolved), and one methylene 
carbon. All of the spectra match literature values (16). 

4-(anthracen-9-ylmethyl)-2-(4-(trifluoromethyl)pyridin-2-yl)phenol (7): The title compound 
was synthetized similarly to 1 using 13 (ca. 90% pure) and 2-bromo-4- trifluoromethylpyridine. The 
title compound was synthetized similarly to 1 with purification employing column chromatography 
on silica gel eluted with n-hexane/ethyl acetate7:3. The compound was isolated as an off-white 
solid. Yield 0.049 g, 30%. 1H-NMR (500 MHz, 298 K, CDCl3): δ 13.30 (s, 1H, PhOH), 8.64 (d, J = 
5.2 Hz, 1H, 6-py), 8.46 (s, 1H, Anth), 8.31 – 8.22 (m, 2H, Anth), 8.09 – 8.03 (m, 2H, Anth), 7.83 (s, 
1H, 3-py), 7.69 (d, J = 2.3 Hz, 1H, 3-PhOH), 7.48 (m, 4H, Anth), 7.40 (d, J = 5.2, 1H, 5-py), 7.01 
(dd, J = 8.6, 2.3 Hz, 1H, 5-PhOH), 6.85 (d, J = 8.5 Hz, 1H, 6-PhOH), 5.02 (s, 2H, -CH2-). 13C-NMR 
(151 MHz, 298 K, CDCl3) δ 159.30, 158.24, 147.39, 140.27, 140.04, 139.82, 139.59, 132.45, 
131.88, 131.85, 131.53, 130.60, 129.37, 126.88, 126.17, 125.93, 125.11, 124.76, 123.59, 121.78, 
119.05, 117.92, 116.96, 116.91, 116.89, 115.14, 32.80, corresponding to 25 aromatic carbon signals 
(only one set of signals for the peripheral anthracene benzene rings is resolved), one –CF3 (quartet), 
and one methylene carbon. Anal. Calcd. for C27H18F3NO: C 75.52; H 4.23; N 3.26, found C 75.08; 
H 4.31; N 3.58. HRMS (ESI): Calcd. for C27H18F3NOH+

 [M+H+] 430.1419, found 430.1444 m/z. 

4-(anthracen-9-ylmethyl)-2-(6-(trifluoromethyl)pyridin-2-yl)phenol (8): The title compound 
was synthetized similarly to 1 using 13 (ca. 90% pure) and 2-bromo-6- trifluoromethylpyridine. The 
title compound was synthetized similarly to 1 with purification employing column chromatography 
on silica gel eluted with n-hexane/ethyl acetate 7:3. The compound was isolated as an off-white 
solid. Yield 0.035 g, 33%. 1H-NMR (500 MHz, 298 K, CDCl3): δ 12.64 (s, 1H, PhOH), 8.46 (s, 1H, 
Anth), 8.28 – 8.21 (m, 2H, Anth), 8.10 – 8.03 (m, 2H, Anth), 7.83 (dd, J = 8.4, 8.1 Hz, 1H, 4-py), 
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7.64 (d, J = 8.4 Hz, 1H, m-py), 7.51 (d, J = 8.1 Hz, 1H, m-py), 7.50 – 7.45 (m, 5H, Anth, 3-PhOH), 
7.17 (dd, J = 8.5, 2.3 Hz, 1H, 5-PhOH), 6.93 (d, J = 8.4 Hz, 1H, 6-PhOH), 5.00 (s, 2H, -CH2-). 13C-
NMR (101 MHz, 298 K, CDCl3) δ 158.33, 157.94, 145.74, 145.39, 145.03, 144.68, 139.01, 132.59, 
131.85, 131.83, 131.67, 130.67, 129.35, 126.86, 126.19, 125.95, 125.15, 124.81, 122.17, 119.16, 
118.01, 117.98, 117.95, 117.92, 29.86, corresponding to 25 aromatic carbon signals (only one set of 
signals for the peripheral anthracene benzene rings is resolved), one –CF3 (quartet), and one 
methylene carbon. Anal. Calcd. for C27H18F3NO: C 75.52; H 4.23; N 3.26, found 74.63; H 4.47; N 
3.08. HRMS (ESI): Calcd. for C27H18F3NOH+

 [M+H+] 430.1419, found 430.1444 m/z. 

2. NMR Spectra. 
 

 
Figure S2. 1H-NMR CDCl3 4-(anthracen-9-yl(hydroxy)methyl)-2-bromophenol (9). 
 
 

0.0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.010.511.011.52.0
f1 (ppm)

0.
4

1.
3

0.
8

1.
1

1.
0

4.
1

1.
0

2.
0

2.
2

1.
0

0.
07

0.
89

1.
24

1.
26

1.
28

1.
55

2.
04

2.
17

2.
62

2.
63

3.
54

4.
09

4.
11

4.
13

4.
15

5.
43

5.
46

6.
87

6.
89

7.
09

7.
09

7.
09

7.
09

7.
11

7.
11

7.
26

7.
32

7.
33

7.
44

7.
44

7.
45

7.
45

7.
46

7.
47

7.
47

7.
48

7.
60

7.
60

7.
60

7.
60

8.
04

8.
04

8.
04

8.
05

8.
05

8.
06

8.
33

8.
33

8.
34

8.
35

8.
51

6.87.07.27.47.67.88.08.28.48.6
f1 (ppm)

1.
1

1.
0

4.
1

1.
0

2.
0

2.
2

1.
0

6.
87

6.
89

7.
26

7.
44

7.
44

7.
45

7.
45

7.
46

7.
47

7.
47

7.
60

7.
60

7.
60

7.
60

8.
04

8.
05

8.
06

8.
33

8.
33

8.
35

8.
51



Parada et al. Supplementary Materials Proton-Electron Transfer in the Marcus Inverted Region 
 

 9 

 
Figure S3. 1H-NMR CDCl3 10-((3-bromo-4-hydroxyphenyl)(hydroxy)methyl)anthracene-9-carbonitrile (10). 
 
 

 
Figure S4. 13C-NMR CDCl3 10-((3-bromo-4-hydroxyphenyl)(hydroxy)methyl)anthracene-9-carbonitrile (10). 
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Figure S5. 1H-NMR CDCl3 4-(anthracen-9-ylmethyl)-2-bromophenol (11). 
 
 

 
Figure S6. 13C-NMR CDCl3 4-(anthracen-9-ylmethyl)-2-bromophenol (11). 
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Figure S7. 1H-NMR CDCl3 10-(3-bromo-4-hydroxybenzyl)anthracene-9-carbonitrile (12). 
 
 

 
Figure S8. 13C-NMR CDCl3 10-(3-bromo-4-hydroxybenzyl)anthracene-9-carbonitrile (12). 
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Figure S9. 1H-NMR CDCl3 4-(anthracen-9-ylmethyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (13). 
 
 

 
Figure S10. 1H-NMR CDCl3 10-(4-hydroxy-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)anthracene-9-
carbonitrile (14). 
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Figure S11. 1H-NMR CDCl3 10-(4-hydroxy-3-(4-methylpyridin-2-yl)benzyl)anthracene-9-carbonitrile (1). 
 
 

 
Figure S12. 13C-NMR CDCl3 10-(4-hydroxy-3-(4-methylpyridin-2-yl)benzyl)anthracene-9-carbonitrile (1). 
 
 

0123456789101112131415
f1 (ppm)

3.
0

2.
0

0.
9

1.
0

1.
0

1.
0

3.
0

2.
0

1.
0

2.
0

1.
9

0.
9

0.
00

1.
56

2.
36

5.
04

6.
84

6.
86

6.
91

6.
91

6.
93

6.
93

7.
02

7.
03

7.
26

7.
40

7.
58

7.
58

7.
59

7.
59

7.
59

7.
60

7.
61

7.
61

7.
70

7.
70

7.
71

7.
72

7.
72

7.
72

7.
73

7.
73

8.
31

8.
32

8.
36

8.
37

8.
50

8.
52

14
.3

6

6.86.97.07.17.27.37.47.57.67.77.87.98.08.18.28.38.48.5
f1 (ppm)

0.
9

1.
0

1.
0

1.
0

3.
0

2.
0

1.
0

2.
0

1.
9

6.
84

16
6.

85
86

6.
91

02
6.

91
45

6.
92

72
6.

93
15

7.
01

53
7.

02
57

7.
26

03

7.
39

86
7.

57
54

7.
57

77
7.

58
86

7.
59

09
7.

59
30

7.
59

55
7.

60
64

7.
60

87
7.

70
14

7.
70

33
7.

71
46

7.
71

66
7.

71
86

7.
72

06
7.

73
19

7.
73

37

8.
30

99
8.

32
02

8.
35

72
8.

37
50

8.
49

88
8.

51
61

-100102030405060708090100110120130140150160170180190200210220230
f1 (ppm)

21
.7

8

33
.6

6

76
.9

1 
cd

cl
3

77
.1

6 
cd

cl
3

77
.4

1 
cd

cl
3

10
5.

73
11

7.
76

11
8.

98
11

9.
02

11
9.

63
12

2.
86

12
5.

40
12

5.
82

12
6.

39
12

7.
01

12
8.

64
12

9.
60

13
0.

05
13

1.
00

13
3.

40
13

9.
95

14
5.

65
14

9.
13

15
7.

31
15

8.
82



Parada et al. Supplementary Materials Proton-Electron Transfer in the Marcus Inverted Region 
 

 14 

 
Figure S13. COSY 1H-1H-NMR CDCl3 10-(4-hydroxy-3-(4-methylpyridin-2-yl)benzyl)anthracene-9-carbonitrile (1).

 
 
Figure S14. NOESY NMR CDCl3 10-(4-hydroxy-3-(4-methylpyridin-2-yl)benzyl)anthracene-9-carbonitrile (1). 
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Figure S15. 1H-NMR CDCl3 10-(4-hydroxy-3-(4-methoxypyridin-2-yl)benzyl)anthracene-9-carbonitrile (2). 
 
 

 
Figure S16. 13C-NMR CDCl3 1H-NMR CDCl3 10-(4-hydroxy-3-(4-methoxypyridin-2-yl)benzyl)anthracene-9-
carbonitrile (2). 
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Figure S17. 1H-NMR CD2Cl2 10-(3-(4-(dimethylamino)pyridin-2-yl)-4-hydroxybenzyl)anthracene-9-carbonitrile (3). 
 
 

 
Figure S18 13C-NMR CD2Cl2 10-(3-(4-(dimethylamino)pyridin-2-yl)-4-hydroxybenzyl)anthracene-9-carbonitrile (3). 
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Figure S19. 1H-NMR CDCl3 2-(5-((10-cyanoanthracen-9-yl)methyl)-2-hydroxyphenyl)isonicotinonitrile (4). 
 
 

 
Figure S20. 13C-NMR CDCl3 2-(5-((10-cyanoanthracen-9-yl)methyl)-2-hydroxyphenyl)isonicotinonitrile (4). 
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Figure S21. 1H-NMR CDCl3 4-(anthracen-9-ylmethyl)-2-(4-methylpyridin-2-yl)phenol (5).  
 
 

 
Figure S22. 13C-NMR CDCl3 4-(anthracen-9-ylmethyl)-2-(4-methylpyridin-2-yl)phenol (5). 
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Figure S23. 1H-NMR CDCl3 4-(anthracen-9-ylmethyl)-2-(pyridin-2-yl)phenol (6).  
 
 

 
Figure S24. 13C-NMR CDCl3 4-(anthracen-9-ylmethyl)-2-(pyridin-2-yl)phenol (6). 
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Figure S25. COSY 1H-1H-NMR CDCl3 4-(anthracen-9-ylmethyl)-2-(pyridin-2-yl)phenol (6).  
 
 

 
Figure S26. 1H-NMR CDCl3 4-(anthracen-9-ylmethyl)-2-(4-(trifluoromethyl)pyridin-2-yl)phenol (7). 
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Figure S27. 13C-NMR CDCl3 4-(anthracen-9-ylmethyl)-2-(4-(trifluoromethyl)pyridin-2-yl)phenol (7). 
 
 

 
Figure S28. 1H-NMR CDCl3 4-(anthracen-9-ylmethyl)-2-(6-(trifluoromethyl)pyridin-2-yl)phenol (8). 
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Figure S29. 13C-NMR CDCl3 4-(anthracen-9-ylmethyl)-2-(6-(trifluoromethyl)pyridin-2-yl)phenol (8). 
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3. Femtosecond transient spectroscopy. 

The probing in the UV-VIS and mid-IR was performed using two different laser systems present at 
Uppsala University. The differences between these systems will be separated with “/” in the 
otherwise general procedure. The samples of 1-8 were prepared in quartz cuvettes (1 mm pathlength 
× 1 cm), which were sealed with Teflon caps and parafilm. When possible, the concentration was 
adjusted in order to give an absorbance of 0.6 at 400 nm for 1-4 and 365 nm for 5-8. The solutions 
were measured at ambient temperature. 1-4 were selectively photoexcited in the anthracene’s lowest 
vibronic band (400-440 nm, cf. figure S49 below) at 400 nm for probing in the visible and at 410 
nm for probing in the mid-IR. 5-8 were selectively photoexcited in the anthracene’s second lowest 
vibronic band (355-375 nm, cf. figure S50 below) at 365 nm. Photoexcitation of 5-8 in their lowest 
vibronic band would require 375-400 nm excitation wavelengths, which are technically difficult to 
obtain in our setup.    

The output from a Coherent Legend/Libra Ti:sapphire amplifier (1 mJ/1.5 mJ, 1 kHz/3 kHz, 800 
nm, fwhm 100 fs/45 fs) was split into a pump and a probe. The pump beam was directed into the 
optical parametric amplifiers, TOPAS-White/TOPAS-Prime, (Light Conversion), and TOPAS 
SHS/TOPAS NirUVis (Light Conversion) to obtain the 365 nm excitation wavelength, which was 
then separated from the remaining visible light with dichroic mirrors. For the 400 nm excitation 
light, the fundamental 800 nm was frequency doubled. The output was passed through a mechanical 
chopper, blocking every second pulse, and was later focused in the sample cell. The pump intensity 
was attenuated to 300 μW. 

The white-light supercontinuum probe was obtained by focusing part of the 800 nm light on a 
moving 3 mm thick CaF2 crystal for roughly 380-750 nm probe light (home built/Newport TAS). 
The probe spectrum was recorded on a silicon diode array (home built/Newport custom made). The 
relative angle between the pump and probe polarization was kept at 54.7 degrees to avoid 
anisotropic effects. The instrumental response time depends on pump and probe wavelengths but is 
typically around 100 fs. The transient absorption spectra at different times were recorded for the 
sample by scanning the delay of the probe beam relative to the pump from -15 ps to 5 ns/8 ns with 
the help of an optical delay line. The samples were kept in constant motion during the measurement 
and 5 scans were collected and averaged for each sample.  

Probing in the mid-IR: Samples of 1-4 and reference compound 9-cyano-10-methyl anthracene 
were kept in a home-built IR cell with CaF2 windows using a Teflon spacer with a path length of 50 
μm. The 1.5 mJ, 45 fs output of a 3 kHz Ti:sapphire amplifier (Libra, Coherent) was split into two 
separate commercial optical parametric amplifiers (TOPAS-Prime, Light Conversion), one 
generating the mid-IR probe (1850−2200 cm−1). To generate the visible 410 nm light, the output 
beam of the mentioned TOPAS is centered onto a TOPAS-NirUVis (Coherent). Prior to reaching 
the sample, the probe beam was split into probe and reference beams using a wedged ZnSe window, 
where only the probe beam interacts with the sample. All beams are focused with a single f = 10 cm 
off axis parabolic mirror to a ∼70 μm spot size in the sample. The pump intensity was attenuated to 
650 μW. The probe and reference beams were dispersed by a commercial monochromator (Triax 
190, HORIBA Jobin Yvon) equipped with a 75 groove/mm grating and detected on a dual array, 2 
× 64 pixel mercury cadmium telluride detector (InfraRed Associated, Inc.). The instrument response 
function for the experiments was approximately 300 fs.  

Global analysis of the time-resolved full spectra (30) was performed by least-squares fitting 
performed with the R package TIMP and its GUI Glotaran (31,32). The fitting uses a sequential 
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irreversible decay scheme with increasing lifetimes (A→B, B→C, C→D), and assumes that the 
time dependent spectra are a linear combination of difference absorption of various species with 
their respective population. The sequential irreversible decay scheme used three component 
exponential decays 31 2

1 1 2 2 3 3( , ) ( ) ( ) ( ) k tk t k tA t c e c e c eλ e λ e λ e λ −− −∆ = + + where ε, c and k are the 
absorptivity coefficient, concentration and decay time constant of the species. The instrument 
response function was convoluted with a Gaussian function to account for coherent artifacts and a 
third-order polynomial function for the wavelength dispersion. The Gaussian FWHM was a free fit 
parameter that typically resulted in FWHM ranging from 120 to 200 ps for the visible data, and 
ranging from 250 to 350 ps for the mid-IR data. No sub-picosecond components are observed in the 
data and therefore the fitted time constants are insensitive to the instrument response function. The 
third-order polynomial function used time zero at the wavelength of maximum ∆Abs as the initial 
parameter; the appropriateness of the polynomial function was checked after analysis by visually 
comparing the time zero across the spectra versus the onset of the signals. A thermal artifact in the 
TA mid-IR spectra was seen as a flat, positive baseline signal that decayed on a 1 ps time scale. The 
spectra were thus corrected by subtracting the signal at a wavenumber where there is no molecular 
signal (2180 cm-1) from all data. 

Triads 1-3 show a non-monotonic decay of the LES due to accumulation of the CSSs, whereas 
triads 4-8 show monotonic decay of the LES. A long-lived component is included in the all the fits. 
In the case of 1-3 in CH2Cl2, the long lived-component features a band at 425 nm. This component 
could correspond to a minor fraction of decays of the CSS by ET to the CH2Cl2, with the feature at 
425 nm arising from the phenoxyl radical portion of the originally formed CSS. Or, it could result 
from intersystem crossing of the CSS to the anthracene triplet state, which also has a feature at ca. 
425 nm (33). The long-lived component is absent in all other solvents studied, such as MeCN, DMF 
and n-butyronitrile. These results, together with the observed monotonic decay of the CSS in 1-3 
probed by mid-IR transient absorption indicate that the primary decay pathway of the CSS in 1-3 is 
to the GS considering that the mid-IR data allows simultaneous monitoring of the kinetics of both, 
the CSS and GS.  

As described in the main text, triads 4-8 show monotonic decay of the LES, without observation of 
a CSS. This is likely due to decay of the CSS being faster than forward CPET charge separation. 
Triads 4-8 have the slowest and least negative free energy for charge separation reactions (Figure 
3). This implies that they have the most negative driving forces for recombination: according to 
Table S3, spanning from -2.92 eV for 4 to -3.44 eV for 8. In this regime of extremely negative 
driving forces other mechanistic deactivation paths of the CSS could be at play including stepwise 
PCET pathways or ET to the solvent.  
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Figure S30. 1 in CH2Cl2. Right: Visible transient absorption spectra at various delay times. Left: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data 
fitted to τ1=4.42 (decay of the LES and formation of the CSS), τ2=754.77 (decay of the CSS) and 
τ3>1000 ps (long-lived component).  
 

 
Figure S31. 1 in n-BuCN. Left: Visible transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data 
fitted to τ1=5.21 (decay of the LES and formation of the LES), τ2=91.77 (decay of the CSS) and 
τ3>1000 ps (long-lived component). 
 

 
Figure S32. 1 in MeCN. Left: Visible transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data 
fitted to τ1=3.31 (decay of the LES and formation of the CSS), τ2=32.26 (decay of the CSS) and 
τ3>1000 ps (long-lived component). 
 

 
Figure S33. 1 in DMF. Left: Visible transient absorption spectra at various delay times. Right: time 
traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data fitted to 
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τ1=5.12 (decay of the LES and formation of the CSS), τ2=21.60 (decay of the CSS) and τ3>1000 ps 
(long-lived component). 
 

 
Figure S34. Left: 1 in CH2Cl2. mid-IR transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data 
fitted to τ1=7.0 ps (decay of the LES and formation of the CSS), τ2=764 ps (decay of the CSS) and 
τ3>1000 ps (long-lived component). 
 

 

Figure S35. 2 in CH2Cl2. Left: Visible transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data 
fitted to τ1=7.48 (decay of the LES and formation of the CSS), τ2=578.01 (decay of the CSS) and 
τ3>1000 ps (long-lived component).  
 

 
Figure S36. 2 in n-BuCN. Left: Visible transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data 
fitted to τ1=4.62 (decay of the LES and formation of the CSS), τ2=71.71(decay of the CSS) and 
τ3>1000 ps (long-lived component). 
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Figure S37. 2 in DMF. Left: Visible transient absorption spectra at various delay times. Right: time 
traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data fitted to 
τ1=4.38 (decay of the LES and formation of the CSS), τ2=20.22 (decay of the CSS) and τ3>1000 ps 
(long-lived component). 
 

 
Figure S38. 3 in CH2Cl2. Left: Visible transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data is 
fitted to τ1=1.32 (decay of the LES and formation of the CSS), τ2=268.44 (decay of the CSS) and 
τ3>1000 ps (long-lived component). 
 

 
Figure S39. 3 in DMF. Left: Visible transient absorption spectra at various delay times. Right: time 
traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data fitted to 
τ1=1.62 (decay of the LES and formation of the CSS), τ2=16.06 (decay of the CSS) and τ3>1000 ps 
(long-lived component). 
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Figure S40. 3 in CH2Cl2. Left: mid-IR transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data is 
fitted to τ1=1.40 (decay of the LES and formation of the CSS), τ2=230.4 (decay of the CSS) and 
τ3>1000 ps (long-lived component). 
 

 
Figure S41. 4 in CH2Cl2. Left: Visible transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data is 
fitted to τ1=11.78 (vibrational relaxation), τ2=30.96 (decay of the LES) and τ3>1000 ps (long-lived 
component). 
 

 
Figure S42. 4 in CH2Cl2. Left: mid-IR transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data is 
fitted to τ1=12.07 (vibrational relaxation), τ2=29.44 (decay of the LES) and τ3>1000 ps (long-lived 
component). 
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Figure S43. 5 in CH2Cl2. Left: Visible transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data 
fitted to τ1=1.70, τ2=39.53 (decay of the LES) and τ3>1000 ps (long-lived component). 
 

 
Figure S44. 6 in CH2Cl2 Left: Visible transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data 
fitted to τ1=9.32 (vibrational relaxation), τ2=59.95 (decay of the LES) and τ3>1000 ps (long-lived 
component). 
 

 
Figure S45. 7 in CH2Cl2. Left: Visible transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data 
fitted to τ1=5.17 (vibrational relaxation), τ2=25.20 (decay of the LES) and τ3>1000 ps (long-lived 
component). 
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Figure S46. 8 in CH2Cl2. Left: Visible transient absorption spectra at various delay times. Right: 
time traces at various probe wavelengths (the delay time scale is logarithmic above 1 ps). Data 
fitted to τ1=1.02, τ2=22.98 (vibrational relaxation), τ3=120.16 (decay of the LES) and τ4> 1000ps 
(long-lived component). 
 
The mid-IR transient absorption spectra of 9-cyano-10-methyl-anthracene shows natural decay of 
the LES and recovery of the GS with a time constants longer than it can be properly measured in a 5 
ns time window. In addition, no upshift of the initially formed excited state absorption feature is 
observed, in contrast to triads 1-3.  

 
Figure S47. 9-cyano-10-methyl-anthracene in CH2Cl2: mid-IR transient absorption spectra at 
various delay times.  
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Table S1. Summary of the CEPT rate constants for charge separation (CS) and recombination (CR). 
n.o. = not observed, n.d.= not determined. 
 

  determined by UV-Vis TA determined by mid-IR TA 

Triad Solvent k(CPET-CS) / s-1 k(CPET-CR) / s-1 k(CPET-CS) / s-1 k(CPET-CR) / s-1 

1 CH2Cl2 2.3(2) × 1011 1.3(1) × 109 1.4(1) × 1011 1.3(2) × 109 

  n-BuCN 1.9(1) × 1011 1.1(1) × 1010 n.d. n.d. 

  MeCN 3.0(1) × 1011 3.1(1) × 1010 n.d. n.d. 

 DMF 2.0(1) × 1011 4.6(1) × 1010 n.d. n.d. 
2 CH2Cl2 1.3(3) × 1011 1.7(2) × 109 n.d. n.d. 
 n-BuCN 2.2(1) × 1011 1.4(1) × 1010 n.d. n.d. 
 DMF 2.3(1) × 1011 5.0(1) × 1010 n.d. n.d. 

3 CH2Cl2 7.6(5) × 1011 3.7(3) × 109 7.1(1) × 1011 4.3(2) × 109 
  DMF 6.2(2) × 1011 6.2(1) × 1010 n.d. n.d. 
4 CH2Cl2 3.2(3) × 1010 n.o. 3.4(1) × 1010 n.o. 

5 CH2Cl2 2.5(1) × 1010  n.o. n.d. n.d. 

6 CH2Cl2 1.7(1) × 1010  n.o. n.d. n.d. 

7 CH2Cl2 4.0(1) × 1010  n.o. n.d. n.d. 

8 CH2Cl2 8.3(2) × 1010  n.o. n.d. n.d. 

4. Kinetic isotope effect (KIE). 

H/D isotopic exchanges were performed in the glove box dissolving 1-3 in CH2Cl2 with excess 
MeOD (typically ∼ 10 % of the total volume) and evaporating under vacuum. This procedure was 
repeated 5 times. Afterward, KIEs were measured in samples of 1-3 re-dissolved in CH2Cl2 with 
excess MeOD (∼ 1 % of the total volume, to ensure high enrichment) and measuring the visible 
transient absorption as described above. Control samples prepared with the same procedure using 
MeOH were used to measure kH, with rate constants being within the uncertainty of measurements 
in pure CH2Cl2. 1 was additionally measured in MeCN by the same procedure. The KIEs were 
measured in 4 to 6 independent replicates.  

 
Table S2. Summary of KIE for charge separation (CS) and recombination (CR) for 1 and 3.  

Triad Solvent KIECS KIECR 

1 CH2Cl2 1.8 ± 0.1 1.0 ± 0.1 

1 MeCN 1.7 ± 0.1 1.1 ± 0.1 

2 CH2Cl2 1.6 ± 0.1 1.0 ± 0.1 

3 CH2Cl2 1.7 ± 0.1 0.9 ± 0.1 
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5. Spectro-electrochemistry. 

Spectro-electrochemistry of 9-cyano-10-methyl-anthracene 0.4 mM in MeCN with TBAPF6 0.1 M 
was performed in a 1 mm length path cuvette with a Pt mesh working electrode, Pt rod counter 
electrode and Ag+/Ag pseudo-reference electrode. The electrolysis potential was set at -2.0 V for 5 
minutes (this is 0.4 V more negative than the cathodic peak potential of 9-cyano-10-methyl-
anthracene versus the Ag+/Ag pseudo-reference electrode used). UV-vis spectra were collected 
every 30 seconds. The spectra of the 9-CN-10-Me-AN radical anion shows a sharp band at 325 nm 
and a broad band in the visible with peaks at 550, 600 and 662 nm. The spectra did not change after 
2 minutes. After 5 minutes the potential was set at -1.0 V for 5 more minutes, after which time the 
spectra returned completely to that of neutral 9-cyano-10-methyl-anthracene.  

 
Figure S48. Blue: UV-vis spectrum of 9-cyano-10-methyl-anthracene in MeCN before electrolysis. 
Red: Spectrum of the 9-cyano-10-methyl-anthracene radical anion produced by electrolysis. Insert: 
Visible transient absorption spectrum of 1 at 6 ps delay time in MeCN (See also Figure S32 above); 
the absorbance at ~425 nm is assigned to the phenoxyl radical in the CSS of 1 (not expected for 
reference compound 9-cyano-10-methyl-anthracene).  
 
The broad band in the visible of the 9-cyano-10-methyl-anthracene radical anion obtained by 
spectro-electrochemistry is in excellent agreement with the band in the same region observed in the 
transient absorption spectra for 1-3 upon CPET-CS. Therefore, the latter is assigned to the 
anthracene radical anion portion of the CSS in the triads.  

6. Calculation of CPET free-energies by the Weller approximation. 

The calculation of the free energies for CPET charge separation (CS) and recombination (CR) 
requires calculating the free-energies of the transient LESs relative to the GSs, and the free-energies 
of the transient CSSs relative to the GSs. The free energies of CS and CR were calculated using two 
different approaches: (1) using the Weller approximation for electron transfer processes (34), and 
(2) using constrained density functional theory methods (see section S7 below). In the Weller 
approximation, the CS process is viewed as an electron transfer from the phenol-pyridine unit to the 
excited anthracene. The proton-transfer portion of the CPET is included in the electrochemical 
potential for oxidation of the phenol-pyridine unit, which occurs by CPET (18). 
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In equation (S1), E°(T•+/T) and E°(T/T•–) are, respectively, the reduction potential for the  
(AN–PhO•–pyH+/An–PhOH–py) couple (coupled to proton transfer) and reduction potential for the 
(AN–PhOH–py/An•––PhOH–py) couple according to:  

 AN–PhO•–pyH+ + e–  →  An–PhOH–py E°(T•+/T) (S2) 

 AN–PhOH–py + e–  →  An•––PhOH–py E°(T/T•–) (S3) 

E0-0 in eq. (S1) is the energy of the vibrational relaxed local excited state of the anthracenes portion 
of the triads. E0-0 approximates the free-energies of the transient LESs relative to the GSs. The band 
of 0→0 transitions for anthracene ground state excitation and local excited state emission overlap 
significantly in the absorption and emission spectra and the E0-0 can be estimated at the interception 
of the spectra. Figure S49 and S50 show representative absorption and emission spectra of triads 
with 9-cyano-10-methylantharacene fragments (1-4) and 9-methylanthracene fragments (5-8). E0-0 
was estimated to be ca. 2.97 eV for 1-4 and ca. 3.20 eV for 5-8 (Figs. S49-50).  

 
Figure S49. Absorption and emission spectra of 1, reference compound 9-cyano-10-
methylanthracene (9-CN-10-Me-AN), and reference compound 2,4-di-tertbutyl-6-(pyridin-2-
yl)phenol (PhOH-py, ref (18)). 
 
Black solid line: UV-vis spectrum of 1 (0.020 ± 0.005 mM) in MeCN. Black dotted line: steady 
state emission spectrum of 1 (0.020 ± 0.005 mM) in MeCN. Blue solid line: UV-vis spectrum of 9-
CN-10-Me-AN (0.022 ± 0.05 mM) in MeCN. Blue dotted line: steady state emission spectrum of 9-
CN-10-Me-AN (0.022 ± 0.005 mM) in MeCN. Red solid line: UV-vis spectrum of PhOH-py (0.015 
± 0.006 mM) in MeCN. Steady state emission spectra of 1 and 9-CN-10-Me-AN with excitation at 
400 nm with excitation and detection monochromators slits at 5 nm for 1 and 1 nm for 9-CN-10-
Me-AN (under these conditions the (9-CN-10-Me-AN/1) emission intensity ratio is ca. 24).  
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Figure S50. Absorption and emission spectra of 6, reference compound 9-methylanthracene (9-Me-
AN), and reference compound PhOH-py.  
 
Black solid line: UV-vis spectrum of 6 (0.044 ± 0.010 mM) in MeCN. Black dotted line: steady 
state emission spectrum of 6 (0.044 ± 0.010 mM) in MeCN, increased by a factor of 20 to fit the 
scale. Blue solid line: UV-vis spectrum of 9-Me-AN (0.057 ± 0.010 mM) in MeCN. Blue dotted 
line: steady state emission spectrum of 9-Me-anth (0.057 ± 0.010 mM) in MeCN. Red solid line: 
UV-vis spectrum of PhOH-py (0.033 ± 0.011 mM) in MeCN. Steady state emission spectra of 6 and 
9-Me-AN 365 nm with excitation wavelength with slits at 1 nm for both excitation and detection 
monochromators. 

Figures S49 and 50 show negligible spectral overlap between the anthracene emission and the 
phenol−pyridine absorption, indicating that Förster and Dexter energy transfer would be 
energetically uphill. Therefore, energy transfer are unlikely quenching mechanisms of the LES. 

The term e2/4πεoDr12 in eq. (S1) estimates the Columbic stabilization of the charge-separated state. 
εo is the permittivity of vacuum, e is the electron charge, D is the static solvent dielectric constant, 
and r12 is the distance between charges. The latter was estimated as the distance between the 
centroids of the phenol ring and anthracene central ring. r12 is 4.89±0.07 Å using atomic coordinates 
from X-ray crystallography of 1,3, 5 and 6 and 5.055±0.006Å using atomic coordinates from 
optimized DFT structures for 1-8 (DFT details below). Calculations of the Columbic term used r12 
from optimized DFT structures considering that distance packing effects could be at play in the 
structure from X-ray crystallography. 

 

Electrochemical determination of reduction potentials E° (T•+/T) and E° (T/T•–) according to eqs. S2 
and S3 was pursued. We observed reversible one electron reductions of the anthracene portion of 
the triads. The phenol oxidation was, however, irreversible even at fast scan rates. This is likely due 
to fast dimerization of the phenoxyl radical cation as described for phenols with un-substituted 
para- and ortho-positions (35). Considering such an EC mechanism for the phenol-base one-
electron oxidation followed by dimerization, we performed scan rate dependence cyclic 
voltammetry at low triad concentrations in MeCN in order to obtain formal reduction potentials for 
eq. 2 following the analysis developed by Savéant and co-workers (35). In this analysis, the peak 
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potential (Ep) varies with the scan rate according to: 

 

o
o dim

p
4RT CRT RT= +0.903 -(ln10 )log( )

F 3F 3Fυ
kE E

 (S4) 

where E°, kdim, C° and υ  are respectively the standard reduction potential, the rate constant for 
dimerization, substrate concentration and scan rate, while R, F and T are the gas constant, Faraday 
constant and temperature. Taking kdim = 2.0x109 M-1s-1, C°=0.1 mM and T=298 K (35), equation S4 
leads to Ep=E°-0.0918V+0.0197V log( υ ). Ep versus log( υ ) was evaluated between 0.05 and 0.5 V/s. 
where we observed a linear dependence with slope ca. 20 mV. Scan rates higher than 0.5 V/s led to 
increasing peak potential separation of the anthracene waves indicative of competing interfacial ET 
kinetics at play. Therefore, we limit the analysis to scan rates lower than 0.5 V/s. The reduction 
potential for the 1•+/1 and 1/1•– couples are +0.75 and -1.83V versus ferrocene (Figure S51). 

  

Figure S51. Cyclic voltammetry of 0.13 mM 1 in MeCN with 0.1 M TBAPF6 as a function of scan 
rate. Top) -2.2 V to 1.0 V window including reduction and oxidation of 1 (each scan is done in a 
freshly polished electrode). Bottom) Plot of Ep versus log( υ ). 
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The above analysis yields a good linear dependence of Ep versus log( υ ) in MeCN. However, a 
similar treatment did not afford satisfactory linear correlations in other solvents relevant for the 
study, particularly in CH2Cl2. In order to circumvent this limitation we used density functional 
theory (DFT) to calculate the standard reduction potentials for eq. (S2) and (S3) from the calculated 
free energy ,red

solvG∆ D of the reductions according to E°= – ,red
solvG∆ D /F in the different solvents used for 

transient absorption spectroscopy studies. ,red
solvG∆ D  was calculated using quantum chemistry methods 

with structures optimized in solution (36). The free energies were calculated from Gibbs free 
energies G(solv) for the species in eqs. S2 and S3; namely, the one-electron oxidized (AN-PhO•-
pyH+), neutral (AN-PhOH-py), and one-electron reduced (AN•–-PhOH-py) triads.   

 ,red
solvG∆ D

 (AN-PhO•-pyH+/AN-PhOH-py)=G(solv,AN-PhO•-pyH+)–G(solv,AN-PhOH-py)  (S5) 

 ,red
solvG∆ D

 (AN-PhOH-py/AN•–-PhOH-py)= G(solv,AN-PhOH-py)–G(solv,AN•– -PhOH-py) (S6) 

Computations of the experimentally relevant standard reduction potential require consideration of a 
reference electrode. In the calculation of ∆G°’CPET-CR using eq. S1, the experimental value of the 
reduction potential for the 1•+/1 (+0.75 V) and 1/1•– (-1.83 V) couples versus ferrocene were used to 
reference all other calculated reduction potentials for the (AN–PhO•–pyH+/An–PhOH–py) and 
(AN–PhOH–py/An•––PhOH–py) couples of 1-8, such that calculated values for 1 agree with 
experimental values by construction. First, the calculated and experimental reduction potentials for 
1, and other phenol-bases and anthracenes previously reported in MeCN were compared in order to 
evaluate the accuracy of the method to reproduce changes in reduction potential due to substituent 
effects (Fig. S52 and Table S3).  

OH N OH N

Me

OH N

N
Me

Me

CN

(Me)2PhOH-py (Me)2PhOH-py(Me) (Me)2PhOH-pyN(Me)2

AN 9-Me-AN 9-CN-AN  
Figure S52. Phenol-bases and anthracenes used for reduction potential benchmarking. 
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All computations to obtain reduction potentials were performed using Gaussian09 (37). Gibbs free 
energies G(solv) for oxidized and reduced species were calculated using DFT. The geometries were 
optimized using the B3LYP (38,39) functional, the 6-31++G** basis set (40-42), and the 
conductor-like polarizable continuum model (C-PCM) (43) for the solvent. 

 

Table S3. Experimental and computed reduction potentials for phenol-bases and anthracenes.  

 
Eo vs Fc in MeCN / V 

 
Compound experimental calculated* ΔEo / V 
1•+/1 0.75 0.48 0.27 
1/1•– -1.83 -1.84 0.01 
(Me)2PhO•-pyH+/(Me)2PhOH-py 0.58† 0.27 0.31 
(Me)2PhO•-pyH+(Me)/(Me)2PhOH-py(Me) 0.53† 0.21 0.32 
(Me)2PhO•-pyH+(NMe2)/ 
 (Me)2PhOH-py(NMe2) 

0.32† 0.03 0.29 

AN/ AN•– -2.43‡ -2.52 0.09 
9-Me-AN/9-Me-AN•– -2.45‡ -2.54 0.09 
9-CN-AN/9-CN-AN•– -1.96‡ -1.94 0.02 
* Computed versus the free energy of the ferrocenium/ferrocene couple from ref. (44). † Data from 
ref. (21). ‡ Data from ref. (45). 

 

Figure S53. Experimental versus computed reduction potentials for phenol-bases (right)  
and anthracenes (left). 

 

Plots of computed versus experimental reduction potentials for 1 and related phenol-bases and 
anthracenes show linear correlations with slope close to unity (Fig. S53). This shows that the 
computed and experimental reduction potentials fulfill the idealized relationship E°calc = E°exp – E°ref 
(46), and therefore the computed values accurately reproduce the changes in reduction potentials 
due to substituent effects. The intercept in the plot for one-electron oxidation of phenol-bases 
reflects systematically underestimated computed reduction potentials (Table S3, and Figure S53 
left). This is accounted for by referencing all computed reduction potentials to the experimental 
reduction potential of the 1•+ / 1 couple. The computed reduction potentials for anthracenes are in 
excellent agreement with experimental values. After accounting for systematic deviations of the 

y = 1.02(1)x 
R² = 0.9996 

-2.6

-2.4

-2.2

-2.0

-1.8
-2.5-2.3-2.1-1.9

C
al

cu
la

te
d 

/ V
  

Experimental / V  

y = 1.04(8)x - 0.32(5) 
R² = 0.9866 

-0.05

0.05

0.15

0.25

0.35

0.45

0.55

0.3 0.5 0.7

C
al

cu
la

te
d 

 / 
V 

Experimental / V  



Parada et al. Supplementary Materials Proton-Electron Transfer in the Marcus Inverted Region 
 

 38 

computed reduction potentials by referencing to the experimental reduction potentials of the 1•+ / 1 
(+0.75 V) and 1 / 1•– (-1.83 V) couples versus ferrocene, the RMSD between computed and 
experimental reduction potentials is ±0.05 V.  

 

Considering that the CPET reactions studied are photo-initiated CPET charge separation and 
recombination to the GS (thereby closing a photochemical cycle), the CPET-CR free-energy can be 
estimated as ∆G°’CPET-CR = –(∆G°’CPET-CS + E0-0).  
 
Table S4. CEPT free-energies for charge separation (CS) and recombination (CR). Reduction 
potentials computed from thermochemical data obtained by DFT. Benchmarking versus 
electrochemical data.  

Triad Solvent E° (T•+/T) 
/eV 

E° (T/T•–) 
/eV E0-0 / eV ω / eV* ΔGo’(CPET-CS)  

/eV † 
ΔGo’(CPET-CR)  

/ eV† 
1 CH2Cl2 0.89 -2.01 2.97 0.32 -0.39 -2.58 

 n-BuCN 0.62 -1.89 2.97 0.14 -0.59 -2.38 
 DMF 0.62 -1.83 2.97 0.08 -0.59 -2.38 

 MeCN 0.75 -1.83 2.97 0.08 -0.47 -2.50 
2 CH2Cl2 0.74 -2.02 2.97 0.32 -0.53 -2.44 
 n-BuCN 0.62 -2.01 2.97 0.14 -0.47 -2.50 
 DMF 0.60 -1.99 2.97 0.08 -0.46 -2.51 
3 CH2Cl2 0.57 -2.04 2.97 0.32 -0.67 -2.30 

 DMF 0.45 -1.91 2.97 0.08 -0.69 -2.28 
4 CH2Cl2 1.23 -2.00 2.97 0.32 -0.05 -2.92 
5 CH2Cl2 0.77 -2.62 3.20 0.32 -0.13 -3.07 
6 CH2Cl2 0.82 -2.61 3.20 0.32 -0.08 -3.12 
7 CH2Cl2 0.99 -2.44 3.20 0.32 -0.09 -3.11 
8 CH2Cl2 1.15 -2.61 3.20 0.32 0.24 -3.44 

*ω is the Coulombic term with D(CH2Cl2)=8.9, D(n-BuCN)=20.7, D(DMF)=36.7, D(MeCN)=37.5. † Estimated error 
±0.05V.  
 

CPET free energies above calculated by the Weller approximation using reduction potentials from 
DFT calculation in general reproduce the expected trend due to substituent effect and solvent 
polarity. However, some outliers within the expected trends are observed. Therefore, alternative 
DFT methods, including constrained DFT, were also used to calculate CPET free-energies (see 
Section S7 below).  
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Optimized Cartesian coordinates for calculating driving forces by the Weller approximation: 
 

Table S5. Cartesian coordinates for optimized geometries for 1. 

1 in CH2Cl2 / -1263.524957 Ha 1 rad. anion CH2Cl2 / -1263.634002 Ha 1 rad. cation CH2Cl2 / -1263.318667 Ha 

O 4.855735 -1.88731 0.210479 O 4.978873 -1.6844 0.126513 O -4.91402 -1.72771 0.00021 
H 5.073708 -0.96675 -0.14529 H 5.146032 -0.69831 -0.00727 N -4.55139 0.846762 0.000144 
N 4.596385 0.527334 -0.55704 N 4.575014 0.816696 -0.18352 C 0.669998 -2.61378 0.00129 
C -0.70253 -2.10957 1.489959 C -0.66283 -2.56341 0.449159 H 0.888608 -3.25474 0.863987 
H -1.04759 -3.12579 1.278647 H -0.90515 -3.35155 -0.27405 H 0.888829 -3.25568 -0.86066 
H -0.79061 -2.01315 2.575689 H -0.85664 -3.02353 1.425984 C 1.603888 -1.4166 0.000736 
C -1.63883 -1.12243 0.817903 C -1.59911 -1.39147 0.250566 C 2.046417 -0.86703 -1.23155 
C -2.01172 0.077641 1.475286 C -2.01613 -0.61354 1.378902 C 1.581061 -1.34931 -2.50256 
C -1.47935 0.451235 2.755304 C -1.50558 -0.83251 2.692622 H 0.85254 -2.1489 -2.53811 
H -0.75259 -0.18892 3.239296 H -0.75082 -1.59552 2.847934 C 2.02758 -0.80777 -3.68437 
C -1.85312 1.61405 3.38014 C -1.92999 -0.08886 3.789361 H 1.657338 -1.18975 -4.62944 
H -1.42849 1.870103 4.345776 H -1.51265 -0.29196 4.772226 C 2.974708 0.255681 -3.67851 
C -2.7929 2.489324 2.768304 C -2.88839 0.924083 3.620976 H 3.322606 0.67046 -4.61816 
H -3.0866 3.404318 3.273347 H -3.22791 1.509451 4.471256 C 3.44297 0.756398 -2.48771 
C -3.32334 2.182156 1.541095 C -3.39878 1.181774 2.350457 H 4.16008 1.569733 -2.48331 
H -4.03528 2.854328 1.073396 H -4.13468 1.970761 2.220991 C 2.996169 0.225194 -1.23669 
C -2.95043 0.984918 0.855411 C -2.98572 0.445484 1.214764 C 3.459113 0.742159 -0.00031 
C -3.47445 0.663679 -0.41946 C -3.50071 0.715321 -0.10405 C 2.996139 0.22641 1.23657 
C -3.0864 -0.51303 -1.10527 C -3.04294 -0.02191 -1.25489 C 3.442907 0.758858 2.487074 
C -3.59748 -0.83331 -2.40052 C -3.51336 0.251408 -2.56123 H 4.159996 1.572206 2.481885 
H -4.30779 -0.15819 -2.86648 H -4.24997 1.038803 -2.69619 C 2.974641 0.2593 3.678358 
C -3.19988 -1.97165 -3.05546 C -3.05771 -0.45674 -3.67116 H 3.322502 0.675013 4.617608 
H -3.5969 -2.19806 -4.04018 H -3.44021 -0.22 -4.66039 C 2.027548 -0.80419 3.685247 
C -2.26488 -2.85586 -2.44969 C -2.09855 -1.46857 -3.50067 H 1.657324 -1.18525 4.630688 
H -1.94835 -3.74927 -2.97886 H -1.72362 -2.01999 -4.35906 C 1.581053 -1.34689 2.503967 
C -1.7603 -2.58361 -1.20278 C -1.61905 -1.76343 -2.2282 H 0.852575 -2.14648 2.540291 
H -1.04057 -3.26625 -0.769 H -0.86535 -2.53647 -2.12725 C 2.0464 -0.86583 1.232485 
C -2.14919 -1.41061 -0.47432 C -2.07237 -1.07525 -1.06423 C -1.33543 -1.01236 0.000696 
C 1.338026 -0.84688 0.586368 C 1.350837 -1.00355 0.166789 H -0.6217 -0.19979 0.000882 
H 0.692722 0.008477 0.426373 H 0.639009 -0.19062 0.084841 C -0.82067 -2.32621 0.000917 
C 0.771694 -2.0095 1.101772 C 0.838518 -2.28335 0.351776 C -1.72308 -3.4276 0.00077 
C 1.612415 -3.12011 1.301097 C 1.75618 -3.34594 0.456785 H -1.32679 -4.43717 0.000922 
H 1.200177 -4.04531 1.696523 H 1.390073 -4.36036 0.600463 C -3.07939 -3.21574 0.000473 
C 2.96517 -3.05335 0.999253 C 3.124335 -3.12247 0.37906 H -3.78874 -4.03444 0.0004 
H 3.614609 -3.90991 1.151228 H 3.831554 -3.94272 0.45893 C -3.62948 -1.88184 0.000292 
C 3.530518 -1.8755 0.482702 C 3.631308 -1.8256 0.193165 C -2.70254 -0.74424 0.000299 
C 2.707796 -0.73664 0.261912 C 2.734603 -0.72863 0.082265 C -3.19653 0.643457 -0.00012 
C 3.267796 0.52083 -0.29193 C 3.231021 0.654466 -0.11555 C -2.38098 1.782919 -0.0008 
C 2.49385 1.670794 -0.5439 C 2.380704 1.772708 -0.23195 H -1.30624 1.67622 -0.0011 
H 1.430786 1.675403 -0.33701 H 1.305932 1.652178 -0.17861 C -2.92894 3.074827 -0.00115 
C 3.080299 2.824346 -1.06487 C 2.905119 3.051313 -0.41779 C -4.33417 3.206533 -0.00072 
C 4.461268 2.795236 -1.32698 C 4.303846 3.182105 -0.48365 H -4.7994 4.183538 -0.00086 
H 4.9728 3.662462 -1.73246 H 4.769664 4.152062 -0.62719 C -5.12474 2.07229 -0.00013 
C 5.16862 1.631996 -1.05856 C 5.087609 2.043628 -0.36178 H -6.20509 2.100145 0.000172 
H 6.236917 1.570882 -1.24856 H 6.171908 2.104565 -0.40755 C 4.402316 1.813415 -0.00083 
C -4.40971 1.552399 -1.0335 C -4.45806 1.732356 -0.2744 N 5.177853 2.697712 -0.00126 
N -5.17294 2.278027 -1.53498 N -5.25924 2.582261 -0.41694 C -2.04718 4.292316 -0.00228 
C 2.266227 4.062071 -1.34315 C 2.008656 4.256762 -0.54401 H -2.24533 4.909377 -0.88633 
H 2.662999 4.919942 -0.78936 H 2.218711 4.980486 0.251407 H -0.98844 4.025988 0.001876 
H 1.219326 3.925443 -1.06207 H 0.953355 3.979998 -0.48581 H -2.25099 4.915464 0.876126 
H 2.30566 4.319418 -2.40746 H 2.178577 4.767981 -1.49801 H -5.12147 -0.018 0.000403 

1 in nBuCN / -1263.526358 Ha 1 rad. anion nBuCN / -1263.639628 Ha 1 rad. cation nBuCN / -1263.330101 Ha 
O 4.850434 -1.89506 0.207911 O 4.976277 -1.69176 0.135226 O 4.866235 -1.75645 0.186438 
H 5.068524 -0.9746 -0.15083 H 5.145122 -0.70566 -0.00523 N 4.538176 0.773168 -0.31047 
N 4.596735 0.516776 -0.56326 N 4.580968 0.805512 -0.19003 C -0.67759 -2.47486 0.812225 
C -0.70522 -2.09767 1.504801 C -0.6665 -2.55464 0.47622 H -0.946 -3.37636 0.251697 
H -1.05233 -3.11517 1.303549 H -0.91073 -3.35137 -0.23672 H -0.83162 -2.76736 1.856752 
H -0.79016 -1.99136 2.589732 H -0.85916 -3.0028 1.458709 C -1.61401 -1.34091 0.442434 
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C -1.64109 -1.11493 0.825733 C -1.60242 -1.3846 0.264834 C -2.04794 -0.42417 1.432316 
C -2.01307 0.090401 1.474062 C -2.02014 -0.59438 1.38456 C -1.58469 -0.47638 2.790005 
C -1.48159 0.472522 2.751956 C -1.5096 -0.79903 2.700672 H -0.86594 -1.23025 3.0854 
H -0.75685 -0.1653 3.241948 H -0.75469 -1.56009 2.864266 C -2.02047 0.419385 3.733577 
C -1.85423 1.640509 3.367833 C -1.93485 -0.0443 3.78944 H -1.64937 0.355161 4.751524 
H -1.43043 1.902975 4.332078 H -1.51773 -0.23673 4.774467 C -2.95527 1.433586 3.38651 
C -2.79182 2.512749 2.748404 C -2.8941 0.966055 3.610233 H -3.29708 2.133733 4.142219 
H -3.08438 3.432033 3.24622 H -3.23418 1.560061 4.454201 C -3.42163 1.529994 2.100013 
C -3.32158 2.197221 1.522946 C -3.40441 1.209815 2.33683 H -4.13118 2.307364 1.836567 
H -4.0318 2.867403 1.049807 H -4.14082 1.997023 2.199394 C -2.98467 0.62092 1.088139 
C -2.95002 0.994341 0.846617 C -2.9906 0.461878 1.209118 C -3.44203 0.717034 -0.24761 
C -3.47348 0.664004 -0.42632 C -3.50611 0.716808 -0.11303 C -2.99481 -0.17265 -1.25352 
C -3.0869 -0.51864 -1.103 C -3.04677 -0.03232 -1.25618 C -3.44133 -0.06592 -2.60643 
C -3.59745 -0.84833 -2.39605 C -3.51645 0.226568 -2.56566 H -4.1488 0.71464 -2.86601 
H -4.30609 -0.17587 -2.86836 H -4.25318 1.012201 -2.71024 C -2.98646 -0.92914 -3.57081 
C -3.20151 -1.99272 -3.04161 C -3.06 -0.49357 -3.66766 H -3.33521 -0.83293 -4.59419 
H -3.59817 -2.22626 -4.02479 H -3.44186 -0.26777 -4.65962 C -2.05591 -1.95086 -3.23431 
C -2.26898 -2.87404 -2.42789 C -2.10085 -1.50344 -3.48545 H -1.69595 -2.6256 -4.00451 
H -1.95437 -3.77265 -2.94929 H -1.72575 -2.06443 -4.33745 C -1.61106 -2.08787 -1.94349 
C -1.76475 -2.59252 -1.18283 C -1.62201 -1.78411 -2.20956 H -0.89774 -2.87162 -1.72141 
H -1.04765 -3.2737 -0.74253 H -0.86892 -2.55646 -2.09952 C -2.06014 -1.21415 -0.89741 
C -2.1516 -1.4127 -0.46437 C -2.07571 -1.0828 -1.05352 C 1.330941 -0.96233 0.317093 
C 1.336807 -0.8433 0.592809 C 1.350473 -1.00036 0.178001 H 0.627752 -0.14697 0.204225 
H 0.694025 0.01399 0.432981 H 0.641485 -0.18528 0.091989 C 0.80529 -2.23347 0.621729 
C 0.768152 -2.00336 1.111952 C 0.835002 -2.27768 0.37287 C 1.69386 -3.33513 0.776035 
C 1.605715 -3.11629 1.310991 C 1.749606 -3.34242 0.483212 H 1.287597 -4.31465 1.01005 
H 1.191655 -4.03941 1.709182 H 1.380954 -4.35473 0.63448 C 3.042941 -3.16671 0.630554 
C 2.958028 -3.05437 1.00505 C 3.118188 -3.1233 0.40125 H 3.739367 -3.99087 0.741597 
H 3.604638 -3.91316 1.156897 H 3.822824 -3.94536 0.485354 C 3.615335 -1.8714 0.316271 
C 3.525387 -1.87938 0.484706 C 3.628397 -1.8291 0.20552 C 2.692362 -0.7315 0.159876 
C 2.705991 -0.73814 0.26436 C 2.734924 -0.73009 0.088694 C 3.195698 0.616447 -0.1542 
C 3.269062 0.516655 -0.29302 C 3.23632 0.650086 -0.11991 C 2.3972 1.756263 -0.30356 
C 2.499301 1.669623 -0.54293 C 2.391151 1.770986 -0.24406 H 1.324734 1.68199 -0.18759 
H 1.437156 1.679427 -0.33157 H 1.31579 1.656034 -0.18933 C 2.958919 3.002658 -0.60224 
C 3.089046 2.8201 -1.06744 C 2.92159 3.046006 -0.43971 C 4.356495 3.086818 -0.75093 
C 4.468847 2.784407 -1.33498 C 4.32078 3.169691 -0.50733 H 4.83889 4.028888 -0.98327 
H 4.982672 3.648888 -1.7433 H 4.790975 4.13632 -0.65826 C 5.123886 1.950184 -0.59807 
C 5.17223 1.618416 -1.06818 C 5.099599 2.028654 -0.37768 H 6.201866 1.937632 -0.69674 
H 6.239456 1.552447 -1.26224 H 6.184024 2.084232 -0.42465 C -4.37358 1.745342 -0.59219 
C -4.40707 1.548983 -1.04763 C -4.46525 1.7292 -0.29416 N -5.13336 2.583947 -0.87346 
N -5.16952 2.271408 -1.55519 N -5.26912 2.575491 -0.44568 C 2.100389 4.225037 -0.75921 
C 2.279673 4.061247 -1.34352 C 2.031196 4.254821 -0.57461 H 2.366995 4.972364 -0.00398 
H 2.68206 4.917248 -0.79095 H 2.247364 4.984526 0.213574 H 1.039641 3.99003 -0.65762 
H 1.233028 3.929152 -1.05948 H 0.974562 3.984218 -0.51154 H 2.267543 4.683532 -1.7394 
H 2.317713 4.318317 -2.40792 H 2.201993 4.756524 -1.53344 H 5.090576 -0.09431 -0.18603 

1 in MeCN / -1263.526629 Ha 1 rad.anion MeCN / -1263.642259 Ha 1 rad.cation MeCN / -1263.325569 Ha 
O 4.849287 -1.89677 0.207327 O 4.934511 -1.77177 0.281661 O -4.91602 -1.73279 0.000157 
H 5.067436 -0.97636 -0.15206 H 5.122364 -0.84331 -0.07013 N -4.55681 0.844813 0.000709 
N 4.596793 0.514509 -0.56466 N 4.595655 0.627673 -0.50709 C 0.669285 -2.60934 0.001223 
C -0.70577 -2.09509 1.507981 C -0.68215 -2.26472 1.234309 H 0.888158 -3.25017 0.863831 
H -1.05333 -3.11285 1.308892 H -0.9831 -3.25164 0.862723 H 0.888316 -3.25116 -0.86061 
H -0.79004 -1.98666 2.59273 H -0.81437 -2.33276 2.321067 C 1.603718 -1.41255 0.000592 
C -1.64156 -1.11331 0.827415 C -1.61577 -1.21076 0.678967 C 2.047015 -0.86339 -1.23167 
C -2.01332 0.093153 1.473784 C -1.99169 -0.08773 1.484993 C 1.578267 -1.3436 -2.50215 
C -1.48201 0.47713 2.751194 C -1.43786 0.149757 2.778195 H 0.84631 -2.13997 -2.53677 
H -0.75768 -0.16017 3.242461 H -0.68109 -0.52484 3.163138 C 2.024772 -0.80286 -3.68436 
C -1.85438 1.64623 3.365125 C -1.82244 1.230124 3.565849 H 1.651141 -1.18241 -4.62902 
H -1.43074 1.91009 4.329051 H -1.37271 1.369934 4.545365 C 2.975564 0.257287 -3.67903 
C -2.79151 2.517799 2.744076 C -2.78304 2.137913 3.090092 H 3.323038 0.671988 -4.6189 
H -3.08382 3.438006 3.240326 H -3.09174 2.983918 3.698134 C 3.447352 0.755712 -2.48852 
C -3.32117 2.200456 1.519021 C -3.33493 1.952036 1.824281 H 4.166676 1.567126 -2.48508 
H -4.03102 2.870187 1.04471 H -4.07209 2.660061 1.455183 C 3.000368 0.225564 -1.23723 
C -2.94991 0.99636 0.844721 C -2.96267 0.865661 0.997567 C 3.466495 0.739994 -0.00074 
C -3.47328 0.664055 -0.42777 C -3.52092 0.675799 -0.31822 C 3.001269 0.226323 1.236368 
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C -3.08703 -0.51986 -1.10248 C -3.10244 -0.41626 -1.16176 C 3.449231 0.757192 2.487023 
C -3.59751 -0.85159 -2.39503 C -3.6132 -0.59882 -2.46872 H 4.168591 1.56857 2.48254 
H -4.30581 -0.17971 -2.86867 H -4.35009 0.105874 -2.84464 C 2.978349 0.259489 3.678174 
C -3.20194 -1.99727 -3.03856 C -3.19636 -1.65075 -3.28194 H 3.32657 0.674705 4.617548 
H -3.59855 -2.23236 -4.02138 H -3.60881 -1.76042 -4.28125 C 2.027509 -0.80063 3.684862 
C -2.2699 -2.87793 -2.42316 C -2.23781 -2.55855 -2.80247 H 1.654601 -1.17959 4.630049 
H -1.9557 -3.77765 -2.94289 H -1.89415 -3.37651 -3.43025 C 1.58008 -1.34205 2.503331 
C -1.76571 -2.59442 -1.17852 C -1.71973 -2.4081 -1.51978 H 0.848142 -2.13839 2.538985 
H -1.04913 -3.27524 -0.73684 H -0.96851 -3.11246 -1.18038 C 2.047874 -0.86262 1.23218 
C -2.15212 -1.41314 -0.46221 C -2.1311 -1.3551 -0.65051 C -1.33848 -1.0101 0.001066 
C 1.336565 -0.84253 0.594185 C 1.351132 -0.90562 0.469119 H -0.62701 -0.19565 0.001632 
H 0.694321 0.015168 0.434393 H 0.664961 -0.09015 0.272506 C -0.82156 -2.32272 0.000828 
C 0.767413 -2.00203 1.114133 C 0.811628 -2.09459 0.950706 C -1.7217 -3.42607 0.000227 
C 1.604297 -3.11546 1.313109 C 1.69598 -3.16159 1.197442 H -1.32334 -4.43475 0.000033 
H 1.189848 -4.03814 1.7119 H 1.307592 -4.10705 1.569907 C -3.07815 -3.21666 -5.8E-05 
C 2.956505 -3.05459 1.006277 C 3.05942 -3.03052 0.968604 H -3.78556 -4.03701 -0.00045 
H 3.602513 -3.91385 1.158087 H 3.739983 -3.85615 1.154452 C -3.63097 -1.88385 0.000205 
C 3.5243 -1.88022 0.48511 C 3.59411 -1.82535 0.484474 C -2.70625 -0.74449 0.00058 
C 2.705617 -0.73847 0.26487 C 2.731315 -0.72594 0.224476 C -3.20194 0.642557 0.000375 
C 3.269335 0.515751 -0.29327 C 3.259999 0.562539 -0.2859 C -2.38719 1.782372 -0.00017 
C 2.500469 1.669373 -0.54269 C 2.449478 1.687477 -0.53771 H -1.31246 1.676588 -0.00058 
H 1.438536 1.68029 -0.33033 H 1.382113 1.645691 -0.35969 C -2.9362 3.073836 -0.00024 
C 3.090896 2.819192 -1.06797 C 3.005048 2.873806 -1.01686 C -4.34121 3.204583 0.000238 
C 4.470429 2.782092 -1.33672 C 4.393687 2.904629 -1.23628 H -4.80728 4.181118 0.000282 
H 4.984731 3.645989 -1.74566 H 4.882371 3.799989 -1.60729 C -5.13106 2.06971 0.000646 
C 5.172961 1.615504 -1.0703 C 5.138359 1.765094 -0.96749 H -6.2113 2.096813 0.000959 
H 6.239948 1.548494 -1.26528 H 6.213964 1.751196 -1.12277 C 4.415931 1.805304 -0.00143 
C -4.40653 1.548221 -1.05063 C -4.48023 1.585764 -0.79663 N 5.198425 2.683747 -0.002 
N -5.16881 2.269952 -1.55949 N -5.28389 2.346818 -1.19717 C -2.05517 4.291819 -0.00113 
C 2.282521 4.061075 -1.34354 C 2.151118 4.08412 -1.29624 H -2.25402 4.908733 -0.88509 
H 2.686173 4.91669 -0.7913 H 2.516763 4.954279 -0.74044 H -0.99639 4.02574 0.002956 
H 1.235962 3.929979 -1.05875 H 1.108172 3.911547 -1.02031 H -2.25967 4.914436 0.877435 
H 2.320141 4.318049 -2.40796 H 2.186241 4.343568 -2.36034 H -5.12687 -0.01922 0.00076 

1 in DMF / -1263.526652 Ha 1 rad.anion DMF / -1263.642085 Ha 1 rad.cation DMF / -1263.330393 Ha 
O 4.84929 -1.89677 0.20733 O 4.83725 -2.00111 0.24444 O -4.91602 -1.73279 0.00016 
H 5.06744 -0.97636 -0.15206 H 5.06934 -1.13807 -0.2157 N -4.55681 0.84481 0.00071 
N 4.59679 0.51451 -0.56466 N 4.60434 0.36491 -0.74843 C 0.66929 -2.60934 0.00122 
C -0.70577 -2.09509 1.50798 C -0.70727 -1.94331 1.62424 H 0.88816 -3.25017 0.86383 
H -1.05333 -3.11285 1.30889 H -1.07202 -2.97292 1.51791 H 0.88832 -3.25116 -0.86061 
H -0.79004 -1.98666 2.59273 H -0.77339 -1.74198 2.70151 C 1.60372 -1.41255 0.00059 
C -1.64156 -1.11331 0.82742 C -1.63438 -1.00273 0.88212 C 2.04702 -0.86339 -1.23167 
C -2.01332 0.09315 1.47378 C -1.94074 0.28615 1.42585 C 1.57827 -1.3436 -2.50215 
C -1.48201 0.47713 2.75119 C -1.3137 0.79645 2.59972 H 0.84631 -2.13997 -2.53676 
H -0.75768 -0.16017 3.24246 H -0.54059 0.20896 3.08413 C 2.02477 -0.80286 -3.68436 
C -1.85438 1.64623 3.36512 C -1.63792 2.03576 3.13741 H 1.65114 -1.18241 -4.62902 
H -1.43074 1.91009 4.32905 H -1.13123 2.38313 4.03482 C 2.97556 0.25729 -3.67903 
C -2.79151 2.5178 2.74408 C -2.60999 2.8353 2.51806 H 3.32304 0.67199 -4.6189 
H -3.08382 3.43801 3.24033 H -2.87317 3.80547 2.9325 C 3.44735 0.75571 -2.48852 
C -3.32117 2.20046 1.51902 C -3.23176 2.38322 1.35867 H 4.16668 1.56713 -2.48508 
H -4.03102 2.87019 1.04471 H -3.9775 3.0071 0.87192 C 3.00037 0.22556 -1.23723 
C -2.94991 0.99636 0.84472 C -2.92165 1.13028 0.7827 C 3.4665 0.73999 -0.00074 
C -3.47328 0.66406 -0.42777 C -3.55368 0.66355 -0.42518 C 3.00127 0.22632 1.23637 
C -3.08703 -0.51986 -1.10248 C -3.19636 -0.59963 -1.01979 C 3.44923 0.75719 2.48702 
C -3.59751 -0.85159 -2.39502 C -3.77674 -1.05751 -2.22456 H 4.16859 1.56857 2.48254 
H -4.30581 -0.17971 -2.86867 H -4.52107 -0.43274 -2.71235 C 2.97835 0.25949 3.67817 
C -3.20194 -1.99727 -3.03856 C -3.4202 -2.27445 -2.79675 H 3.32657 0.67471 4.61755 
H -3.59855 -2.23236 -4.02138 H -3.88691 -2.59498 -3.72508 C 2.02751 -0.80063 3.68486 
C -2.2699 -2.87793 -2.42316 C -2.45214 -3.07511 -2.17289 H 1.6546 -1.17959 4.63005 
H -1.9557 -3.77765 -2.94289 H -2.15347 -4.02196 -2.61679 C 1.58008 -1.34205 2.50333 
C -1.76571 -2.59442 -1.17852 C -1.86585 -2.65506 -0.98501 H 0.84814 -2.13839 2.53899 
H -1.04913 -3.27524 -0.73684 H -1.10181 -3.27921 -0.53356 C 2.04787 -0.86262 1.23218 
C -2.15212 -1.41314 -0.46221 C -2.21488 -1.42526 -0.35779 C -1.33848 -1.0101 0.00107 
C 1.33657 -0.84253 0.59419 C 1.35958 -0.82292 0.61674 H -0.62701 -0.19565 0.00163 
H 0.69432 0.01517 0.43439 H 0.72011 0.02268 0.39162 C -0.82156 -2.32272 0.00083 



Parada et al. Supplementary Materials Proton-Electron Transfer in the Marcus Inverted Region 
 

 42 

C 0.76741 -2.00203 1.11413 C 0.76858 -1.92664 1.22403 C -1.7217 -3.42607 0.00023 
C 1.6043 -3.11546 1.31311 C 1.58601 -3.03849 1.49281 H -1.32334 -4.43475 0.00003 
H 1.18985 -4.03813 1.7119 H 1.15596 -3.9205 1.96346 C -3.07815 -3.21666 -0.00006 
C 2.95651 -3.05459 1.00628 C 2.93257 -3.03488 1.15941 H -3.78556 -4.03701 -0.00045 
H 3.60251 -3.91385 1.15809 H 3.56273 -3.89772 1.35568 C -3.63097 -1.88385 0.00021 
C 3.5243 -1.88022 0.48511 C 3.52112 -1.91732 0.5458 C -2.70625 -0.74449 0.00058 
C 2.70562 -0.73847 0.26487 C 2.72629 -0.76989 0.26917 C -3.20194 0.64256 0.00038 
C 3.26933 0.51575 -0.29327 C 3.30845 0.4398 -0.36111 C -2.38719 1.78237 -0.00017 
C 2.50047 1.66937 -0.54269 C 2.58406 1.63148 -0.55857 H -1.31246 1.67659 -0.00058 
H 1.43854 1.68029 -0.33033 H 1.55398 1.70841 -0.23182 C -2.9362 3.07384 -0.00024 
C 3.0909 2.81919 -1.06797 C 3.17934 2.73645 -1.16438 C -4.34121 3.20458 0.00024 
C 4.47043 2.78209 -1.33672 C 4.52165 2.62051 -1.56076 H -4.80728 4.18112 0.00028 
H 4.98473 3.64599 -1.74566 H 5.03925 3.44861 -2.03539 C -5.13106 2.06971 0.00065 
C 5.17296 1.6155 -1.0703 C 5.18422 1.42504 -1.3273 H -6.2113 2.09681 0.00096 
H 6.23995 1.54849 -1.26528 H 6.2263 1.30032 -1.61211 C 4.41593 1.8053 -0.00143 
C -4.40653 1.54822 -1.05063 C -4.52631 1.46777 -1.04882 N 5.19843 2.68375 -0.002 
N -5.16881 2.26995 -1.55949 N -5.33944 2.13875 -1.56865 C -2.05517 4.29182 -0.00113 
C 2.28252 4.06107 -1.34354 C 2.41336 4.01514 -1.39031 H -2.25402 4.90873 -0.88509 
H 2.68617 4.91669 -0.7913 H 2.93884 4.86937 -0.94817 H -0.99639 4.02574 0.00296 
H 1.23596 3.92998 -1.05875 H 1.4107 3.96554 -0.95698 H -2.25967 4.91444 0.87744 
H 2.32014 4.31805 -2.40796 H 2.31154 4.22155 -2.46263 H -5.12687 -0.01922 0.00076 

  
Table S6. Cartesian coordinates for optimized geometries for 2. 
 
2 in CH2Cl2 / -1338.731972 Ha 2 rad.anion CH2Cl2 / -1338.840762 Ha 2 rad.cation CH2Cl2 / -1338.531229 Ha 

O 4.478858 -2.610585 0.096781 O 4.65701 -2.396181 0.067391 O -4.549779 -2.430583 -0.000004 
H 4.808803 -1.683244 -0.133651 H 4.932624 -1.429489 -0.022764 N -4.481204 0.169232 0.000011 
N 4.51478 -0.10569 -0.359435 N 4.535033 0.144581 -0.128484 C 1.06918 -2.710446 -0.000026 
C -1.109463 -2.362704 1.234636 C -1.048635 -2.667852 0.347597 H 1.350246 -3.328247 0.859988 
H -1.556148 -3.298995 0.887418 H -1.370316 -3.39723 -0.405721 H 1.350242 -3.328229 -0.860054 
H -1.222067 -2.395034 2.321941 H -1.294105 -3.142068 1.306101 C 1.872318 -1.42417 -0.000013 
C -1.91008 -1.199686 0.678261 C -1.857525 -1.39816 0.1958 C 2.250687 -0.829631 -1.229864 
C -2.174026 -0.059108 1.478665 C -2.195995 -0.626734 1.354455 C 1.846224 -1.361322 -2.500152 
C -1.647121 0.088046 2.806074 C -1.703665 -0.941315 2.65556 H 1.218081 -2.24232 -2.53941 
H -1.00824 -0.684005 3.215862 H -1.021811 -1.775831 2.776824 C 2.225619 -0.772022 -3.679746 
C -1.91543 1.195857 3.569634 C -2.053876 -0.203297 3.781961 H 1.901634 -1.196573 -4.624704 
H -1.497527 1.279081 4.568027 H -1.653576 -0.480396 4.753781 C 3.041443 0.393111 -3.673421 
C -2.736438 2.239438 3.059284 C -2.915827 0.898771 3.657652 H 3.340051 0.847645 -4.612764 
H -2.947607 3.109488 3.673281 H -3.197335 1.480502 4.531299 C 3.447971 0.943289 -2.484433 
C -3.255868 2.150956 1.792762 C -3.404057 1.250267 2.40096 H 4.066871 1.834414 -2.481343 
H -3.876118 2.951403 1.402923 H -4.064242 2.10812 2.305814 C 3.065887 0.362958 -1.235967 
C -2.989885 1.017208 0.964304 C -3.063548 0.522836 1.235815 C 3.462101 0.92669 0.00001 
C -3.502827 0.920321 -0.351227 C -3.555131 0.888229 -0.068833 C 3.065886 0.362934 1.235976 
C -3.218659 -0.19433 -1.177251 C -3.168085 0.157434 -1.249353 C 3.447969 0.94324 2.484453 
C -3.716306 -0.288466 -2.513285 C -3.613301 0.522851 -2.541912 H 4.06687 1.834366 2.481381 
H -4.334454 0.514499 -2.901374 H -4.274525 1.379226 -2.643056 C 3.041441 0.393039 3.67343 
C -3.419534 -1.370441 -3.303339 C -3.226244 -0.180898 -3.680346 H 3.340048 0.847555 4.612782 
H -3.804328 -1.424166 -4.317061 H -3.586647 0.127987 -4.657908 C 2.225617 -0.772095 3.679732 
C -2.604832 -2.421923 -2.799747 C -2.363469 -1.281996 -3.553516 H 1.901631 -1.196663 4.624682 
H -2.366615 -3.269533 -3.434762 H -2.041482 -1.831554 -4.434302 C 1.846223 -1.361371 2.500126 
C -2.117175 -2.368188 -1.518035 C -1.911935 -1.668985 -2.295513 H 1.21808 -2.242371 2.539366 
H -1.488601 -3.174901 -1.162846 H -1.232309 -2.511297 -2.227663 C 2.250686 -0.829655 1.22985 
C -2.404013 -1.262471 -0.650459 C -2.298859 -0.987606 -1.103915 C -1.093593 -1.335335 -0.000013 
C 1.085435 -1.234783 0.538174 C 1.124268 -1.323848 0.137448 H -0.472794 -0.448318 -0.000011 
H 0.543592 -0.298499 0.47693 H 0.506698 -0.434338 0.091826 C -0.440084 -2.582913 -0.000021 
C 0.378726 -2.381264 0.890069 C 0.47425 -2.547045 0.261946 C -1.218483 -3.775283 -0.000023 
C 1.086082 -3.59567 0.960865 C 1.270102 -3.707211 0.318063 H -0.714477 -4.737357 -0.000029 
H 0.562259 -4.51065 1.226798 H 0.794627 -4.681077 0.414217 C -2.584443 -3.714468 -0.000018 
C 2.446949 -3.644283 0.694901 C 2.654592 -3.631196 0.251435 H -3.198973 -4.60833 -0.00002 
H 2.993544 -4.580756 0.747827 H 3.267583 -4.526651 0.293104 C -3.286959 -2.445048 -0.00001 
C 3.154701 -2.482243 0.343707 C 3.3016 -2.390214 0.126807 C -2.477683 -1.212743 -0.000008 
C 2.468529 -1.240106 0.255533 C 2.530159 -1.198498 0.067808 C -3.114648 0.117068 0 
C 3.179328 0.006875 -0.122992 C 3.175078 0.131166 -0.061018 C -2.425232 1.322308 -0.000001 
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C 2.542586 1.24771 -0.239641 C 2.453559 1.33022 -0.1115 H -1.345021 1.357562 -0.00001 
H 1.482524 1.370188 -0.06093 H 1.373153 1.352539 -0.058211 C -3.123239 2.545533 0.000009 
C 3.283593 2.379517 -0.599799 C 3.132877 2.547592 -0.2324 C -4.533294 2.540957 0.00002 
C 4.660741 2.249186 -0.840301 C 4.535535 2.54685 -0.301347 H -5.120151 3.448545 0.000027 
H 5.287605 3.084606 -1.122141 H 5.118346 3.453506 -0.394796 C -5.175193 1.320791 0.00002 
C 5.214175 0.980638 -0.703885 C 5.174724 1.313038 -0.243806 H -6.254078 1.229698 0.000028 
H 6.275762 0.829221 -0.880479 H 6.259355 1.261066 -0.292824 C 4.2755 2.102818 0.000022 
C -4.319377 1.976136 -0.861204 C -4.417704 1.992792 -0.194413 N 4.93783 3.062225 0.000032 
N -4.986336 2.837815 -1.277395 N -5.140015 2.915906 -0.297538 O -2.368223 3.642416 0.000006 
O 2.593457 3.539114 -0.690018 O 2.36193 3.658874 -0.273564 H -4.949952 -0.753177 0.00001 
C 3.294032 4.73582 -1.060656 C 2.997702 4.939018 -0.394173 C -2.99273 4.945013 0.000018 
H 2.541622 5.523437 -1.066118 H 3.566204 5.006782 -1.327215 H -2.167512 5.654125 0.000015 
H 3.732586 4.637795 -2.058697 H 3.654378 5.131207 0.46036 H -3.599088 5.07666 0.899836 
H 4.07272 4.974726 -0.32951 H 2.18719 5.666771 -0.404899 H -3.599101 5.076669 -0.89979 

2 in n-BuCN / -1338.733496 Ha 2 rad.anion n-BuCN* / -1338.842399 Ha 2 rad.cation n-BuCN / -1338.537040 Ha 
O 4.472406 -2.617445 0.095708 O 4.652588 -2.401044 0.070521 O -4.552204 -2.433557 -0.000025 
H 4.802841 -1.689584 -0.136395 H 4.928843 -1.433548 -0.022561 N -4.486056 0.169183 0.000032 
N 4.514072 -0.11525 -0.362724 N 4.535791 0.136616 -0.131486 C 1.066899 -2.706503 -0.000126 
C -1.112849 -2.353845 1.248 C -1.052467 -2.663879 0.365935 H 1.348027 -3.324302 0.859775 
H -1.561899 -3.291844 0.908765 H -1.376611 -3.399139 -0.380424 H 1.347993 -3.324207 -0.860106 
H -1.222053 -2.37844 2.335748 H -1.29589 -3.130266 1.328666 C 1.8711 -1.420817 -0.00007 
C -1.912686 -1.193282 0.685388 C -1.860743 -1.394735 0.205885 C 2.251081 -0.826956 -1.229835 
C -2.174747 -0.047511 1.479087 C -2.197177 -0.61413 1.359195 C 1.843095 -1.356738 -2.499715 
C -1.647928 0.10635 2.805782 C -1.703848 -0.919963 2.662091 H 1.210551 -2.234524 -2.538174 
H -1.01124 -0.664727 3.220671 H -1.023598 -1.754922 2.788817 C 2.223485 -0.768648 -3.679602 
C -1.914161 1.219176 3.562811 C -2.051633 -0.173306 3.783483 H 1.895962 -1.191026 -4.624281 
H -1.496562 1.307358 4.560867 H -1.650853 -0.443983 4.756828 C 3.044269 0.392972 -3.673592 
C -2.732847 2.261397 3.046031 C -2.912254 0.929067 3.652206 H 3.343268 0.847001 -4.613083 
H -2.942297 3.135514 3.654787 H -3.191854 1.517501 4.52189 C 3.454544 0.941057 -2.484788 
C -3.252324 2.16639 1.779904 C -3.401537 1.271897 2.393425 H 4.076655 1.829965 -2.482522 
H -3.870825 2.966006 1.385608 H -4.060653 2.130063 2.293331 C 3.071217 0.362138 -1.236143 
C -2.988596 1.027244 0.958259 C -3.063457 0.535503 1.233278 C 3.470852 0.923491 0.000036 
C -3.501705 0.923144 -0.356816 C -3.556471 0.891769 -0.073935 C 3.071233 0.362015 1.236165 
C -3.219971 -0.197218 -1.176187 C -3.171018 0.151731 -1.24985 C 3.454576 0.940808 2.484863 
C -3.717885 -0.29886 -2.511527 C -3.616802 0.507958 -2.544706 H 4.076687 1.829717 2.482679 
H -4.334296 0.502756 -2.90513 H -4.277016 1.364373 -2.652344 C 3.044316 0.392605 3.673617 
C -3.4237 -1.386652 -3.294704 C -3.231633 -0.204839 -3.678287 H 3.343327 0.846539 4.61315 
H -3.808751 -1.446042 -4.307995 H -3.592394 0.097067 -4.657827 C 2.223532 -0.769017 3.679522 
C -2.611625 -2.436895 -2.784358 C -2.370354 -1.306259 -3.543759 H 1.896021 -1.191489 4.624163 
H -2.376047 -3.289448 -3.413667 H -2.050291 -1.863126 -4.420555 C 1.843127 -1.356988 2.49958 
C -2.123609 -2.375823 -1.503042 C -1.918351 -1.684294 -2.283239 H 1.210585 -2.23478 2.537958 
H -1.497843 -3.18227 -1.142429 H -1.24071 -2.527658 -2.209478 C 2.251097 -0.827079 1.229748 
C -2.407453 -1.263643 -0.642758 C -2.303075 -0.993114 -1.096473 C -1.09733 -1.333031 -0.000056 
C 1.083307 -1.232769 0.544215 C 1.122093 -1.322998 0.145398 H -0.478366 -0.444825 -0.00005 
H 0.544099 -0.294931 0.483377 H 0.506663 -0.432013 0.098614 C -0.44238 -2.579487 -0.000091 
C 0.374289 -2.377083 0.899205 C 0.470278 -2.544886 0.275313 C -1.218887 -3.773163 -0.000099 
C 1.078337 -3.593346 0.969616 C 1.264007 -3.706476 0.333063 H -0.713489 -4.734432 -0.000125 
H 0.552649 -4.506533 1.23776 H 0.787226 -4.679203 0.433327 C -2.584737 -3.714054 -0.000076 
C 2.438633 -3.64589 0.700311 C 2.648473 -3.632885 0.26298 H -3.197614 -4.60904 -0.000083 
H 2.982272 -4.584151 0.753106 H 3.259551 -4.52959 0.306071 C -3.289158 -2.445745 -0.00004 
C 3.148415 -2.48621 0.346107 C 3.297268 -2.393299 0.133051 C -2.481726 -1.212227 -0.000029 
C 2.465651 -1.242263 0.258173 C 2.528015 -1.200293 0.07195 C -3.119677 0.1171 0.00001 
C 3.179511 0.002267 -0.12347 C 3.176027 0.127705 -0.06274 C -2.430399 1.322377 0.000027 
C 2.54668 1.244901 -0.240114 C 2.458043 1.328379 -0.117225 H -1.350243 1.357612 0.000011 
H 1.487408 1.370883 -0.059027 H 1.377702 1.353922 -0.063277 C -3.128649 2.545344 0.000066 
C 3.290891 2.373926 -0.603284 C 3.141009 2.543638 -0.243228 C -4.538374 2.540784 0.000089 
C 4.667108 2.238536 -0.846591 C 4.543555 2.538167 -0.313226 H -5.125613 3.448062 0.00012 
H 5.29622 3.071453 -1.130711 H 5.12918 3.442564 -0.41047 C -5.180206 1.320534 0.000071 
C 5.216672 0.968447 -0.709989 C 5.179282 1.302855 -0.251743 H -6.258973 1.22937 0.000086 
H 6.277304 0.813377 -0.888719 H 6.263591 1.247559 -0.301549 C 4.29211 2.093685 0.000089 
C -4.316261 1.977064 -0.873096 C -4.418309 1.995083 -0.206523 N 4.962558 3.047707 0.000133 
N -4.982022 2.837282 -1.294557 N -5.140883 2.917782 -0.315375 O -2.373671 3.6428 0.000081 
O 2.604777 3.535582 -0.69343 O 2.3735 3.656708 -0.287977 H -4.955789 -0.751999 0.00002 
C 3.309247 4.730055 -1.066857 C 3.013723 4.935499 -0.413609 C -2.999838 4.944616 0.000123 
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H 2.559622 5.520249 -1.071134 H 3.581376 4.997565 -1.3473 H -2.175558 5.65484 0.000121 
H 3.744911 4.629165 -2.065723 H 3.67141 5.127831 0.43982 H -3.606473 5.07544 0.899807 
H 4.090304 4.966244 -0.33759 H 2.205404 5.665527 -0.426143 H -3.606512 5.075481 -0.899527 

2 in DMF / -1338.733820 Ha 2 rad.anion DMF† / -1338.843628 Ha 2 rad.cation DMF / -1338.538231 Ha 
O 4.470990 -2.618964 0.095469 O 4.651658 -2.402046 0.071181 O -4.552695 -2.434198 0.000004 
H 4.801544 -1.691007 -0.137025 H 4.928039 -1.43438 -0.022515 N -4.487069 0.169144 0.000000 
N 4.513911 -0.117351 -0.363501 N 4.535928 0.13497 -0.132105 C 1.066440 -2.705671 0.000020 
C -1.113575 -2.351887 1.250921 C -1.053259 -2.663023 0.369966 H 1.347561 -3.323405 0.859950 
H -1.563147 -3.290251 0.913437 H -1.377941 -3.39957 -0.374858 H 1.347567 -3.323420 -0.859898 
H -1.222034 -2.374788 2.338759 H -1.296224 -3.127683 1.333621 C 1.870858 -1.420105 0.000011 
C -1.913245 -1.191868 0.686947 C -1.861406 -1.394012 0.2081 C 2.251185 -0.826467 -1.229772 
C -2.174881 -0.044961 1.479169 C -2.197414 -0.611405 1.360224 C 1.842482 -1.355937 -2.499534 
C -1.648062 0.110379 2.805694 C -1.703884 -0.915314 2.663513 H 1.209031 -2.233059 -2.537774 
H -1.011843 -0.660474 3.221693 H -1.023978 -1.750357 2.79145 C 2.223088 -0.768177 -3.679519 
C -1.913831 1.224302 3.561284 C -2.051154 -0.166765 3.783788 H 1.894841 -1.190165 -4.624114 
H -1.496280 1.313576 4.559255 H -1.65028 -0.436027 4.757469 C 3.044895 0.392713 -3.673644 
C -2.732017 2.266213 3.043102 C -2.911483 0.935666 3.650966 H 3.343981 0.846576 -4.613194 
H -2.941083 3.141220 3.650706 H -3.190677 1.525568 4.51977 C 3.455936 0.940442 -2.484910 
C -3.251520 2.169771 1.777075 C -3.400982 1.27659 2.391729 H 4.078708 1.828892 -2.482870 
H -3.869646 2.969194 1.381800 H -4.059864 2.134817 2.290532 C 3.072342 0.361900 -1.236194 
C -2.988298 1.029443 0.956930 C -3.063417 0.538232 1.232695 C 3.472675 0.922840 -0.000005 
C -3.501463 0.923759 -0.358030 C -3.556727 0.892493 -0.075076 C 3.072339 0.361919 1.236192 
C -3.220279 -0.197856 -1.175931 C -3.1716 0.150439 -1.249964 C 3.455931 0.940480 2.484900 
C -3.718283 -0.301153 -2.511101 C -3.617485 0.504654 -2.545322 H 4.078703 1.828930 2.482847 
H -4.334324 0.500163 -2.905897 H -4.277479 1.36107 -2.654386 C 3.044888 0.392770 3.673641 
C -3.424682 -1.390216 -3.292764 C -3.232704 -0.210114 -3.677824 H 3.343972 0.846647 4.613185 
H -3.809814 -1.450854 -4.305947 H -3.593527 0.090264 -4.657798 C 2.223080 -0.768120 3.679533 
C -2.613166 -2.440173 -2.780950 C -2.371751 -1.311593 -3.541596 H 1.894831 -1.190093 4.624133 
H -2.378176 -3.293806 -3.409005 H -2.052088 -1.87005 -4.417507 C 1.842476 -1.355898 2.499556 
C -2.125043 -2.377487 -1.499740 C -1.919666 -1.687666 -2.280527 H 1.209025 -2.233019 2.537809 
H -1.499873 -3.183859 -1.137949 H -1.242449 -2.531246 -2.205459 C 2.251182 -0.826448 1.229787 
C -2.408216 -1.263896 -0.641058 C -2.303936 -0.994352 -1.094836 C -1.098101 -1.332552 0.000008 
C 1.082852 -1.232327 0.545523 C 1.121636 -1.322811 0.147169 H -0.479522 -0.444096 0.000009 
H 0.544219 -0.294152 0.484760 H 0.506647 -0.431523 0.10016 C -0.442842 -2.578771 0.000013 
C 0.373330 -2.376158 0.901205 C 0.469451 -2.544422 0.278248 C -1.218950 -3.772722 0.000013 
C 1.076654 -3.592825 0.971551 C 1.262742 -3.706306 0.336323 H -0.713257 -4.733820 0.000016 
H 0.550558 -4.505615 1.240194 H 0.785694 -4.678793 0.437469 C -2.584777 -3.713976 0.000009 
C 2.436819 -3.646237 0.701512 C 2.647199 -3.633221 0.265474 H -3.197305 -4.609198 0.000009 
H 2.979814 -4.584883 0.754289 H 3.257881 -4.530185 0.308852 C -3.289601 -2.445904 0.000005 
C 3.147047 -2.487080 0.346630 C 3.296362 -2.393931 0.134405 C -2.482560 -1.212128 0.000004 
C 2.465030 -1.242738 0.258738 C 2.52756 -1.200658 0.072874 C -3.120724 0.117092 -0.000002 
C 3.179554 0.001250 -0.123595 C 3.176205 0.126987 -0.063088 C -2.431489 1.322386 -0.000008 
C 2.547584 1.244283 -0.240209 C 2.458948 1.327988 -0.118455 H -1.351345 1.357630 -0.000011 
H 1.488494 1.371040 -0.058568 H 1.37862 1.354196 -0.064377 C -3.129805 2.545290 -0.000013 
C 3.292487 2.372696 -0.604049 C 3.14266 2.542803 -0.245571 C -4.539460 2.540719 -0.000011 
C 4.668490 2.236196 -0.848008 C 4.545181 2.536358 -0.315788 H -5.126789 3.447925 -0.000014 
H 5.298087 3.068565 -1.132636 H 5.131384 3.440284 -0.413859 C -5.181264 1.320444 -0.000004 
C 5.217202 0.965767 -0.711389 C 5.180198 1.300744 -0.253437 H -6.260006 1.229255 -0.000003 
H 6.277619 0.809895 -0.890616 H 6.264439 1.244765 -0.303409 C 4.295557 2.091790 -0.000013 
C -4.315582 1.977260 -0.875690 C -4.418414 1.995526 -0.209212 N 4.967681 3.044692 -0.000019 
N -4.981077 2.837155 -1.298305 N -5.14105 2.918122 -0.319332 O -2.374843 3.642875 -0.000019 
O 2.607253 3.534805 -0.694150 O 2.375854 3.656233 -0.291114 H -4.956991 -0.751794 0.000003 
C 3.312563 4.728786 -1.068173 C 3.016987 4.934738 -0.417856 C -3.001368 4.944520 -0.000021 
H 2.563551 5.519546 -1.072161 H 3.584456 4.995582 -1.351685 H -2.177292 5.654987 -0.000022 
H 3.747578 4.627298 -2.067229 H 3.674891 5.127149 0.43533 H -3.608087 5.075193 0.899614 
H 4.094153 4.964367 -0.339328 H 2.209118 5.665229 -0.430794 H -3.608087 5.075190 -0.899656 

*Optimized structure for a shallow saddle point with -0.82 cm-1. †Optimized structure for a shallow saddle point with -1.30 cm-1.  
 
 

Table S7. Cartesian coordinates for optimized geometries for 3. 
3 in CH2Cl2 / -1358.146873 Ha 3 rad.anion CH2Cl2 / -1358.254814 Ha 3 rad.cation CH2Cl2 / -1357.952281 Ha 

O 4.320422 -2.9268 0.053083 O 4.530158 -2.6735 0.090885 O 4.372829 -2.79603 0.090467 
H 4.685394 -1.99537 -0.13417 H 4.823414 -1.71352 -0.05938 N 4.431078 -0.21472 -0.29679 
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N 4.469187 -0.42656 -0.29848 N 4.477587 -0.15542 -0.22202 C -1.21729 -2.70024 0.72211 
C -1.2599 -2.4922 1.170524 C -1.17475 -2.76743 0.489152 H -1.61089 -3.53031 0.126204 
H -1.74286 -3.39766 0.7915 H -1.53123 -3.52909 -0.21505 H -1.42591 -3.00278 1.754303 
H -1.37997 -2.55443 2.255716 H -1.42202 -3.17495 1.476991 C -1.96992 -1.42632 0.38952 
C -2.00968 -1.28047 0.648633 C -1.9405 -1.48095 0.26938 C -2.2741 -0.49158 1.410494 
C -2.23453 -0.15739 1.485095 C -2.25296 -0.6358 1.383039 C -1.841 -0.66234 2.768392 
C -1.71273 -0.07566 2.820186 C -1.78812 -0.90395 2.704668 H -1.24616 -1.52566 3.039045 
H -1.10811 -0.88577 3.20789 H -1.14826 -1.76219 2.87768 C -2.15011 0.253094 3.742567 
C -1.94344 1.015591 3.619121 C -2.11354 -0.09263 3.787218 H -1.80635 0.096262 4.760092 
H -1.53084 1.04853 4.622635 H -1.73585 -0.33719 4.776654 C -2.91844 1.408121 3.428191 
C -2.71866 2.107375 3.138888 C -2.92082 1.040682 3.59586 H -3.16253 2.122446 4.208152 
H -2.90092 2.963736 3.780802 H -3.18322 1.679491 4.434946 C -3.34776 1.621202 2.14288 
C -3.23057 2.082261 1.866407 C -3.37981 1.348455 2.316836 H -3.93049 2.5047 1.903975 
H -3.81607 2.919093 1.499852 H -3.99822 2.229856 2.169979 C -3.03851 0.694751 1.099918 
C -3.00287 0.967225 1.001839 C -3.06335 0.545998 1.194916 C -3.45717 0.909174 -0.23463 
C -3.50773 0.935468 -0.32004 C -3.52204 0.868206 -0.13293 C -3.13654 -0.00061 -1.27026 
C -3.26213 -0.16195 -1.1809 C -3.1659 0.055367 -1.26896 C -3.54397 0.22273 -2.62136 
C -3.75225 -0.19145 -2.52269 C -3.58247 0.373076 -2.58343 H -4.12303 1.109959 -2.8553 
H -4.33422 0.648441 -2.88791 H -4.19765 1.255671 -2.73658 C -3.212 -0.66294 -3.61495 
C -3.49371 -1.2583 -3.34611 C -3.22544 -0.41082 -3.67868 H -3.52927 -0.47751 -4.63628 
H -3.87224 -1.26285 -4.3636 H -3.56302 -0.13742 -4.67477 C -2.45037 -1.82524 -3.31138 
C -2.72715 -2.35859 -2.87208 C -2.42348 -1.54731 -3.48412 H -2.1864 -2.51753 -4.1046 
H -2.51922 -3.19419 -3.5331 H -2.12621 -2.1609 -4.33067 C -2.04815 -2.07571 -2.02361 
C -2.24793 -2.36702 -1.58609 C -2.00014 -1.88765 -2.2031 H -1.46339 -2.96541 -1.82644 
H -1.65626 -3.21036 -1.25326 H -1.36682 -2.7598 -2.08364 C -2.37447 -1.18403 -0.94762 
C -2.49583 -1.27924 -0.6845 C -2.35729 -1.12231 -1.05375 C 0.99896 -1.48454 0.307405 
C 0.984466 -1.43211 0.524089 C 1.033524 -1.50017 0.197003 H 0.423878 -0.57076 0.228546 
H 0.481146 -0.47291 0.497819 H 0.439197 -0.59685 0.123202 C 0.288115 -2.67428 0.548137 
C 0.228059 -2.56074 0.830377 C 0.350132 -2.69905 0.375625 C 1.001935 -3.90236 0.648892 
C 0.882972 -3.80539 0.858854 C 1.112701 -3.87907 0.460135 H 0.454016 -4.82115 0.837064 
H 0.320011 -4.70709 1.087951 H 0.612003 -4.83512 0.598713 C 2.360927 -3.92868 0.503225 
C 2.242835 -3.89955 0.598674 C 2.497657 -3.84468 0.363704 H 2.926926 -4.8519 0.567332 
H 2.750459 -4.85905 0.620159 H 3.085757 -4.75584 0.423397 C 3.121201 -2.72054 0.242756 
C 3.000738 -2.75542 0.295073 C 3.177369 -2.62809 0.181909 C 2.381964 -1.44662 0.161963 
C 2.367241 -1.48269 0.246579 C 2.440199 -1.41586 0.101216 C 3.083331 -0.16719 -0.07132 
C 3.137183 -0.25397 -0.08771 C 3.125882 -0.10831 -0.07587 C 2.460222 1.070633 -0.07074 
C 2.546922 1.009763 -0.18733 C 2.439709 1.110565 -0.08709 H 1.401122 1.124319 0.121259 
H 1.486238 1.11924 -0.02209 H 1.368904 1.120194 0.044467 C 3.190156 2.273619 -0.30806 
C 3.324532 2.14974 -0.50731 C 3.133434 2.332348 -0.26115 C 4.593968 2.141133 -0.54194 
C 4.713611 1.932008 -0.72005 C 4.544963 2.245724 -0.41147 H 5.224931 2.997504 -0.72925 
H 5.387439 2.740011 -0.97107 H 5.161675 3.1245 -0.54378 C 5.16512 0.896984 -0.52379 
C 5.213276 0.648275 -0.60462 C 5.143307 0.999471 -0.38205 H 6.223959 0.742106 -0.6887 
H 6.272191 0.46246 -0.76592 H 6.221813 0.914667 -0.49174 C -4.21314 2.081939 -0.54734 
C -4.27531 2.04066 -0.80044 C -4.3181 2.011853 -0.3274 N -4.82672 3.039803 -0.80291 
N -4.90165 2.943138 -1.19271 N -4.983 2.969126 -0.48939 N 2.582716 3.476258 -0.3084 
N 2.76966 3.393053 -0.60814 N 2.481126 3.532285 -0.28155 H 4.85479 -1.15208 -0.25787 
C 1.337174 3.581236 -0.39767 C 1.035463 3.589276 -0.08041 C 3.359902 4.697321 -0.54805 
C 3.601599 4.542663 -0.95365 C 3.235952 4.774978 -0.41216 C 1.140897 3.588094 -0.06243 
H 0.744092 3.010647 -1.12326 H 0.502611 3.013706 -0.84625 H 3.837729 4.67229 -1.53284 
H 1.096445 4.636512 -0.51843 H 0.708365 4.625895 -0.14957 H 4.12871 4.831833 0.220194 
H 1.03615 3.276684 0.612138 H 0.747113 3.203605 0.905809 H 2.688764 5.552751 -0.51526 
H 4.065102 4.42365 -1.94093 H 3.813359 4.796259 -1.34399 H 0.568733 3.040964 -0.81888 
H 4.39599 4.70053 -0.21416 H 3.927705 4.921139 0.427655 H 0.856775 4.637013 -0.11239 
H 2.979231 5.436149 -0.97691 H 2.539742 5.612457 -0.42892 H 0.879289 3.208246 0.930794 

3 in DMF / -1358.148896 Ha 3 rad.anion DMF / -1358.261741 Ha 3 rad.cation DMF / -1357.958801 Ha 
O 4.292307 -2.9592 0.05709 O 4.517648 -2.69216 0.099729 O 4.326025 -2.86289 0.11594 
H 4.663019 -2.03173 -0.14683 H 4.814853 -1.73269 -0.05972 N 4.422358 -0.30141 -0.40284 
N 4.464532 -0.46848 -0.32613 N 4.481179 -0.18118 -0.23153 C -1.23684 -2.61271 0.919861 
C -1.27123 -2.45073 1.230061 C -1.18628 -2.75356 0.511514 H -1.66217 -3.48583 0.415012 
H -1.76454 -3.36395 0.884564 H -1.5459 -3.52146 -0.18416 H -1.41304 -2.8175 1.981689 
H -1.37869 -2.47901 2.317835 H -1.43304 -3.15063 1.503591 C -1.98506 -1.36248 0.499033 
C -2.01847 -1.25016 0.679173 C -1.94972 -1.46783 0.279819 C -2.25275 -0.33947 1.442658 
C -2.23478 -0.10358 1.485557 C -2.26298 -0.61256 1.385756 C -1.7829 -0.39692 2.797842 
C -1.70712 0.012372 2.81583 C -1.79847 -0.86894 2.709909 H -1.18886 -1.2405 3.126218 



Parada et al. Supplementary Materials Proton-Electron Transfer in the Marcus Inverted Region 
 

 46 

H -1.10511 -0.78969 3.22371 H -1.15875 -1.72561 2.890818 C -2.05468 0.603696 3.696441 
C -1.92949 1.126224 3.585438 C -2.12485 -0.04857 3.78524 H -1.68263 0.532435 4.713578 
H -1.51261 1.184837 4.585965 H -1.74761 -0.28425 4.776908 C -2.82033 1.736141 3.30345 
C -2.70169 2.207985 3.078478 C -2.93281 1.082584 3.583705 H -3.03382 2.519479 4.023867 
H -2.87694 3.082701 3.697124 H -3.19569 1.728596 4.417007 C -3.2851 1.841202 2.017026 
C -3.21942 2.150077 1.809356 C -3.39171 1.378632 2.301801 H -3.8652 2.708077 1.718283 
H -3.8024 2.979605 1.422749 H -4.01047 2.258598 2.147692 C -3.0154 0.823689 1.051013 
C -3.00064 1.010691 0.974905 C -3.07439 0.566641 1.187101 C -3.47254 0.9244 -0.28453 
C -3.512 0.944332 -0.34333 C -3.534 0.876041 -0.14408 C -3.1889 -0.07532 -1.24562 
C -3.27524 -0.17754 -1.17491 C -3.1753 0.05393 -1.2733 C -3.63511 0.031919 -2.59855 
C -3.7719 -0.24237 -2.51299 C -3.59077 0.359548 -2.59092 H -4.2141 0.900824 -2.89354 
H -4.35155 0.58959 -2.89946 H -4.20606 1.240481 -2.75324 C -3.33905 -0.94087 -3.51952 
C -3.5226 -1.33329 -3.3074 C -3.2326 -0.43412 -3.67889 H -3.68496 -0.84269 -4.54369 
H -3.90607 -1.36456 -4.32255 H -3.56932 -0.16994 -4.67768 C -2.57656 -2.07904 -3.1371 
C -2.7594 -2.42378 -2.80615 C -2.43068 -1.56877 -3.47323 H -2.34056 -2.84069 -3.8735 
H -2.55949 -3.27905 -3.44406 H -2.13324 -2.1903 -4.3138 C -2.13795 -2.219 -1.84446 
C -2.27378 -2.39815 -1.52269 C -2.00812 -1.89708 -2.18883 H -1.55378 -3.09346 -1.58662 
H -1.68568 -3.2353 -1.16875 H -1.37575 -2.76868 -2.06074 C -2.42575 -1.2329 -0.84254 
C -2.51154 -1.28396 -0.65113 C -2.36595 -1.12099 -1.0468 C 0.989596 -1.46566 0.37955 
C 0.977803 -1.42307 0.548793 C 1.028572 -1.49718 0.208719 H 0.432095 -0.54401 0.270855 
H 0.484851 -0.45865 0.516535 H 0.440387 -0.59001 0.131021 C 0.261949 -2.62719 0.695547 
C 0.212083 -2.54018 0.874933 C 0.338576 -2.69152 0.394735 C 0.952566 -3.86493 0.833309 
C 0.853344 -3.79158 0.910374 C 1.094005 -3.87582 0.484199 H 0.391299 -4.76147 1.08004 
H 0.282939 -4.68439 1.154944 H 0.587889 -4.82802 0.628726 C 2.305376 -3.92851 0.64793 
C 2.209527 -3.90372 0.636716 C 2.478862 -3.85023 0.384688 H 2.852699 -4.86093 0.736552 
H 2.705909 -4.86903 0.663119 H 3.06104 -4.76497 0.447887 C 3.082289 -2.75126 0.308324 
C 2.976343 -2.77155 0.312631 C 3.165333 -2.63869 0.194614 C 2.368756 -1.46523 0.196035 
C 2.357066 -1.49209 0.258177 C 2.435706 -1.42202 0.109679 C 3.090428 -0.21216 -0.107 
C 3.138424 -0.27547 -0.09486 C 3.13111 -0.1202 -0.07568 C 2.500747 1.041564 -0.10153 
C 2.564916 0.995872 -0.1901 C 2.456722 1.104947 -0.08501 H 1.456773 1.128234 0.151546 
H 1.509147 1.121934 -0.0062 H 1.38704 1.125506 0.055045 C 3.247524 2.218822 -0.4061 
C 3.353726 2.12354 -0.52824 C 3.161631 2.319903 -0.26793 C 4.632203 2.043146 -0.71336 
C 4.7363 1.884524 -0.76197 C 4.571283 2.2183 -0.42873 H 5.273959 2.877527 -0.95544 
H 5.417661 2.681739 -1.0267 H 5.195671 3.09052 -0.56772 C 5.171394 0.784796 -0.6956 
C 5.219404 0.594535 -0.6487 C 5.157764 0.966801 -0.39987 H 6.215385 0.597648 -0.91305 
H 6.272917 0.393002 -0.8255 H 6.23445 0.871016 -0.51687 C -4.23302 2.06993 -0.67551 
C -4.27836 2.038096 -0.85015 C -4.33395 2.014156 -0.34853 N -4.85342 3.00441 -0.99446 
N -4.90484 2.930874 -1.26422 N -5.00358 2.967074 -0.51917 N 2.672382 3.437071 -0.40088 
N 2.815619 3.373409 -0.6261 N 2.52247 3.525881 -0.28681 H 4.826885 -1.24571 -0.35365 
C 1.390352 3.584448 -0.388 C 1.079427 3.599407 -0.07384 C 3.46686 4.631041 -0.70976 
C 3.660284 4.51142 -0.98092 C 3.28891 4.760703 -0.43267 C 1.248678 3.59311 -0.08397 
H 0.77522 3.014684 -1.09536 H 0.533689 3.030807 -0.83601 H 3.878773 4.578312 -1.7229 
H 1.162296 4.641583 -0.51583 H 0.763994 4.639819 -0.13878 H 4.287641 4.752456 0.004737 
H 1.10591 3.2948 0.630973 H 0.79536 3.216036 0.914495 H 2.824157 5.506325 -0.646 
H 4.111812 4.384532 -1.97253 H 3.859769 4.768059 -1.36844 H 0.624534 3.042662 -0.79544 
H 4.464067 4.658591 -0.24949 H 3.987355 4.906255 0.401377 H 0.989332 4.647666 -0.14696 
H 3.050054 5.413237 -0.99906 H 2.600742 5.604581 -0.45178 H 1.029635 3.244869 0.930804 

 
Table S8. Cartesian coordinates for optimized geometries for 4. 
4 in CH2Cl2 / -1316.473307 Ha 4 rad.anion CH2Cl2 / -1316.582636 Ha 4 rad.cation CH2Cl2 / -1316.254544 Ha 

O 4.780722 -2.12362 0.137376 O 4.849378 -2.03941 0.184273 O 4.697773 -2.17499 0.107954 
H 5.032272 -1.20179 -0.16815 H 5.077809 -1.11265 -0.12083 N 4.545235 0.332061 -0.51186 
N 4.572164 0.351172 -0.50079 N 4.57635 0.42712 -0.4753 C -0.81631 -2.29731 1.353136 
C -0.79882 -2.30509 1.326859 C -0.77602 -2.39639 1.143528 H -1.1992 -3.28747 1.084177 
H -1.16316 -3.29045 1.02262 H -1.10549 -3.35759 0.731175 H -0.88719 -2.27605 2.447727 
H -0.89874 -2.3033 2.415957 H -0.90731 -2.50643 2.227126 C -1.70537 -1.22153 0.751714 
C -1.70314 -1.2399 0.73486 C -1.678 -1.29257 0.635681 C -2.01504 -0.05205 1.494953 
C -2.04428 -0.08778 1.487988 C -2.01612 -0.19304 1.488923 C -1.46431 0.207352 2.796861 
C -1.50536 0.164642 2.794547 C -1.44942 -0.02429 2.787234 H -0.77211 -0.49773 3.238261 
H -0.79831 -0.53319 3.225094 H -0.7111 -0.73578 3.140624 C -1.78279 1.345187 3.500089 
C -1.84806 1.282778 3.511889 C -1.79829 1.034501 3.619676 H -1.35056 1.514475 4.480156 
H -1.41906 1.44716 4.495393 H -1.34006 1.121612 4.60144 C -2.677 2.306597 2.950358 
C -2.76122 2.231253 2.973118 C -2.73375 1.988393 3.186115 H -2.92329 3.197596 3.517182 
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H -3.03009 3.110123 3.550868 H -3.01425 2.818216 3.829183 C -3.22286 2.107829 1.70476 
C -3.29687 2.040191 1.724827 C -3.29698 1.870034 1.917463 H -3.89993 2.842909 1.284184 
H -3.98799 2.768274 1.312981 H -4.01434 2.613474 1.580667 C -2.91072 0.94077 0.93888 
C -2.9556 0.892965 0.943875 C -2.961 0.807173 1.04569 C -3.45582 0.731927 -0.35301 
C -3.4848 0.691348 -0.35311 C -3.53106 0.686637 -0.27228 C -3.13061 -0.41787 -1.1162 
C -3.12646 -0.43483 -1.13322 C -3.14881 -0.38093 -1.16183 C -3.66625 -0.6258 -2.42643 
C -3.64168 -0.63293 -2.45111 C -3.67101 -0.49435 -2.47221 H -4.34216 0.115338 -2.83817 
H -4.33188 0.097477 -2.86043 H -4.38867 0.246657 -2.8137 C -3.33477 -1.73997 -3.15886 
C -3.27257 -1.72335 -3.19773 C -3.28863 -1.52303 -3.3304 H -3.74887 -1.88285 -4.15082 
H -3.67223 -1.85663 -4.19824 H -3.7087 -1.5791 -4.33104 C -2.44412 -2.71139 -2.61944 
C -2.36339 -2.67943 -2.66631 C -2.35462 -2.47719 -2.89464 H -2.18396 -3.58429 -3.20805 
H -2.06895 -3.53405 -3.26743 H -2.03752 -3.27783 -3.55786 C -1.91389 -2.54834 -1.36174 
C -1.85604 -2.52529 -1.4005 C -1.82639 -2.39535 -1.60988 H -1.23224 -3.29854 -0.98263 
H -1.15633 -3.26091 -1.02443 H -1.09408 -3.13464 -1.30486 C -2.23398 -1.40464 -0.55429 
C -2.21584 -1.40674 -0.57752 C -2.20286 -1.36798 -0.69557 C 1.257894 -1.03875 0.536506 
C 1.277715 -1.0283 0.533484 C 1.295221 -1.06192 0.448986 H 0.620597 -0.17024 0.438804 
H 0.648978 -0.1541 0.41524 H 0.631813 -0.21762 0.302244 C 0.653354 -2.23729 0.98201 
C 0.682753 -2.20719 0.968735 C 0.721079 -2.25795 0.863563 C 1.45003 -3.40753 1.117157 
C 1.500887 -3.34435 1.112595 C 1.573589 -3.36455 1.043342 H 0.987372 -4.32809 1.455506 
H 1.065135 -4.28277 1.446465 H 1.156243 -4.31671 1.363465 C 2.792718 -3.37564 0.824803 
C 2.857581 -3.28871 0.832337 C 2.938485 -3.2664 0.812558 H 3.422086 -4.25194 0.921035 
H 3.487665 -4.1659 0.940031 H 3.592798 -4.1227 0.944602 C 3.432009 -2.16464 0.371929 
C 3.453479 -2.09424 0.394148 C 3.510161 -2.0541 0.393909 C 2.612358 -0.95597 0.228903 
C 2.655979 -0.92739 0.236278 C 2.680998 -0.91414 0.206691 C 3.205741 0.309494 -0.22531 
C 3.245462 0.348906 -0.22405 C 3.24415 0.381679 -0.22695 C 2.500095 1.511998 -0.38861 
C 2.497388 1.533585 -0.37813 C 2.464515 1.547044 -0.38271 H 1.443052 1.562085 -0.17772 
H 1.438658 1.566662 -0.16233 H 1.401606 1.544749 -0.18554 C 3.166263 2.664465 -0.82724 
C 3.141066 2.691646 -0.81706 C 3.08232 2.727988 -0.79541 C 4.548085 2.626187 -1.10663 
C 4.51708 2.672127 -1.10063 C 4.4643 2.752218 -1.0519 H 5.078916 3.504408 -1.44493 
H 5.039693 3.556835 -1.4424 H 4.966729 3.65601 -1.37342 C 5.216046 1.426015 -0.93563 
C 5.182137 1.465984 -0.92167 C 5.160712 1.564667 -0.87151 H 6.272693 1.306586 -1.12549 
H 6.246316 1.384593 -1.12182 H 6.23099 1.517452 -1.04976 C -4.3439 1.705497 -0.90159 
C -4.3958 1.651417 -0.89204 C -4.46829 1.642152 -0.70713 N -5.07455 2.508224 -1.3543 
N -5.13995 2.434294 -1.33213 N -5.25281 2.43988 -1.07079 C 2.436603 3.886199 -0.99113 
C 2.389595 3.907118 -0.97731 C 2.302659 3.925566 -0.95615 N 1.841352 4.886806 -1.12565 
N 1.78709 4.893163 -1.10843 N 1.683159 4.90086 -1.08912 H 5.027561 -0.58074 -0.37585 

 
Table S9. Cartesian coordinates for optimized geometries for 5. 
5 in CH2Cl2 / -1171.272918 Ha 5 rad.anion CH2Cl2 / -1171.359585 Ha 5 rad.cation CH2Cl2 / -1171.071019 Ha 

O -4.31128 -2.24059 -0.68756 O -4.33695 -2.23834 -0.69115 O -4.07851 -2.47758 -0.5802 
H -4.65532 -1.40525 -0.23575 H -4.66999 -1.41473 -0.2139 N -4.33023 -0.11029 0.490511 
N -4.37957 0.065432 0.395371 N -4.37784 0.042175 0.457775 C 1.343346 -1.46717 -1.72266 
C 1.31065 -1.70258 -1.53479 C 1.305939 -1.73045 -1.48537 H 1.859237 -2.43186 -1.77603 
H 1.756745 -2.6929 -1.39948 H 1.743894 -2.7207 -1.30796 H 1.390941 -1.08439 -2.74921 
H 1.456813 -1.48264 -2.59708 H 1.459133 -1.55178 -2.55816 C 2.078799 -0.53656 -0.77367 
C 2.077245 -0.69196 -0.70027 C 2.062753 -0.68866 -0.68942 C 2.275827 0.827009 -1.10894 
C 2.335024 0.609856 -1.1996 C 2.256655 0.620489 -1.23271 C 1.761861 1.427937 -2.30727 
C 1.848853 1.072306 -2.47006 C 1.692545 1.051088 -2.46982 H 1.176678 0.837959 -3.00378 
H 1.241446 0.416815 -3.08287 H 1.05602 0.373587 -3.03004 C 1.980845 2.753707 -2.59943 
C 2.119066 2.338407 -2.92764 C 1.918613 2.330053 -2.98837 H 1.576821 3.17512 -3.51601 
H 1.732367 2.656108 -3.89157 H 1.4684 2.611868 -3.93739 C 2.728191 3.582835 -1.71587 
C 2.898993 3.244645 -2.15059 C 2.715935 3.248042 -2.28371 H 2.893738 4.627137 -1.9655 
H 3.106157 4.240663 -2.53037 H 2.894422 4.242887 -2.68507 C 3.231575 3.056664 -0.55269 
C 3.377418 2.854006 -0.92697 C 3.272128 2.876139 -1.05965 H 3.801439 3.677554 0.134493 
H 3.968102 3.535593 -0.32043 H 3.885676 3.583093 -0.50366 C 3.021422 1.683563 -0.20949 
C 3.111617 1.544264 -0.41014 C 3.06311 1.584241 -0.49998 C 3.526167 1.157967 0.985092 
C 3.588475 1.15754 0.846505 C 3.61722 1.21029 0.744471 C 3.321436 -0.17952 1.341514 
C 3.32067 -0.11332 1.367812 C 3.400839 -0.06389 1.316158 C 3.83728 -0.70011 2.571523 
C 3.80066 -0.49632 2.661921 C 3.949304 -0.42601 2.578359 H 4.395573 -0.02965 3.220582 
H 4.384945 0.224254 3.228259 H 4.556859 0.30871 3.104096 C 3.635191 -2.00929 2.926054 
C 3.530096 -1.73681 3.179587 C 3.725891 -1.68047 3.145969 H 4.030551 -2.39453 3.861805 
H 3.897986 -2.01495 4.162704 H 4.157747 -1.92703 4.113115 C 2.901225 -2.87034 2.060149 
C 2.757093 -2.6664 2.424196 C 2.934109 -2.61833 2.461706 H 2.740979 -3.90645 2.346107 
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H 2.537789 -3.64431 2.842815 H 2.742379 -3.59543 2.899013 C 2.392968 -2.40731 0.870213 
C 2.284797 -2.3379 1.176934 C 2.382045 -2.29824 1.217259 H 1.833257 -3.09302 0.243915 
H 1.689652 -3.06378 0.635717 H 1.759828 -3.03795 0.723939 C 2.57986 -1.04792 0.453235 
C 2.547167 -1.05524 0.587956 C 2.596916 -1.03507 0.592735 C -0.89967 -0.74027 -0.74751 
C -0.91791 -0.79408 -0.6525 C -0.92407 -0.82999 -0.61146 H -0.41067 0.189672 -0.48392 
H -0.38342 0.093536 -0.33596 H -0.36976 0.03609 -0.26954 C -0.1112 -1.72207 -1.38546 
C -0.18832 -1.81154 -1.26085 C -0.20039 -1.83854 -1.24089 C -0.708 -2.96283 -1.73645 
C -0.88262 -2.96775 -1.66291 C -0.90836 -2.9742 -1.67625 H -0.10422 -3.72384 -2.22373 
H -0.34168 -3.78414 -2.13568 H -0.37398 -3.78446 -2.16803 C -2.02996 -3.20267 -1.46815 
C -2.25106 -3.08543 -1.46311 C -2.28003 -3.08455 -1.48303 H -2.50661 -4.14188 -1.73095 
H -2.78639 -3.97857 -1.77048 H -2.82324 -3.96547 -1.81235 C -2.86504 -2.21366 -0.81448 
C -2.98044 -2.05245 -0.85136 C -3.00029 -2.06001 -0.84868 C -2.24402 -0.92728 -0.45137 
C -2.31027 -0.87181 -0.42826 C -2.31936 -0.89642 -0.39705 C -3.0211 0.13529 0.208192 
C -3.04617 0.237336 0.226775 C -3.04449 0.207242 0.276201 C -2.51796 1.391074 0.572605 
C -2.42902 1.426065 0.664464 C -2.41573 1.389266 0.718349 H -1.48427 1.636496 0.368554 
H -1.36415 1.573074 0.533587 H -1.35219 1.531261 0.572604 C -3.32509 2.346103 1.198542 
C -3.1759 2.434932 1.272637 C -3.14893 2.395324 1.346219 C -4.67006 2.017886 1.45966 
C -4.55665 2.222154 1.431193 C -4.5294 2.1892 1.519364 H -5.33583 2.723987 1.943355 
H -5.18916 2.971429 1.89674 H -5.15195 2.937398 2.000045 C -5.14623 0.776994 1.091818 
C -5.10548 1.030385 0.979544 C -5.09035 1.005935 1.060425 H -6.16632 0.452139 1.257099 
H -6.16847 0.829601 1.084068 H -6.15377 0.811358 1.17407 C -2.78002 3.693121 1.582808 
C -2.53027 3.710858 1.749703 C -2.48891 3.661239 1.83079 H -2.92625 3.873834 2.653961 
H -2.64557 3.82028 2.833892 H -2.55803 3.739005 2.921847 H -3.31512 4.485906 1.046324 
H -3.00397 4.582773 1.285688 H -2.98498 4.543733 1.412532 H -1.71472 3.778542 1.35601 
H -1.46341 3.732899 1.514959 H -1.43288 3.694531 1.552608 H 4.087073 1.806321 1.655011 
H 4.174386 1.861173 1.433092 H 4.224677 1.933247 1.287354 H -4.66843 -1.04517 0.201998 

 
Table S10. Cartesian coordinates for optimized geometries for 6. 
6 in CH2Cl2 / -1131.974620 Ha 6 rad.anion CH2Cl2 / -1132.061474 Ha 6 rad.cation CH2Cl2 / -1131.770926 Ha 

O -4.59058 -1.47201 -0.9946 O -4.59374 -1.53014 -0.96777 O -4.30777 -2.00016 -0.55957 
H -4.85365 -0.77119 -0.31875 H -4.85498 -0.8456 -0.27691 N -4.42244 0.248201 0.707483 
N -4.43311 0.432971 0.698218 N -4.43508 0.352286 0.757427 C 1.07998 -1.05302 -1.90929 
C 1.051529 -1.21666 -1.84138 C 1.053321 -1.2068 -1.82645 H 1.53696 -2.00899 -2.18069 
H 1.411165 -2.2443 -1.95414 H 1.420168 -2.23519 -1.93504 H 1.08952 -0.47414 -2.83892 
H 1.2069 -0.76616 -2.82689 H 1.195004 -0.75959 -2.81948 C 1.912925 -0.36194 -0.84352 
C 1.911276 -0.49742 -0.81762 C 1.903095 -0.46689 -0.8156 C 2.175873 1.029832 -0.92489 
C 2.262366 0.864163 -0.99999 C 2.180783 0.924297 -1.00066 C 1.647789 1.872165 -1.95893 
C 1.788907 1.653936 -2.10276 C 1.62248 1.70535 -2.05526 H 1.00029 1.456275 -2.72153 
H 1.118059 1.212082 -2.83006 H 0.925671 1.244932 -2.74843 C 1.932348 3.217596 -2.00739 
C 2.150653 2.969873 -2.25421 C 1.929999 3.058987 -2.2251 H 1.516054 3.824998 -2.80533 
H 1.771005 3.538637 -3.09799 H 1.480508 3.612757 -3.04609 C 2.763213 3.823625 -1.0251 
C 3.016882 3.601787 -1.31419 C 2.808324 3.701444 -1.33584 H 2.979032 4.88596 -1.08111 
H 3.295649 4.642148 -1.45244 H 3.050052 4.753723 -1.466 C 3.284795 3.059877 -0.01015 
C 3.487423 2.893132 -0.23939 C 3.363174 2.980703 -0.2783 H 3.91926 3.508613 0.749183 
H 4.14339 3.362851 0.488891 H 4.038973 3.472123 0.419665 C 3.009248 1.659714 0.077729 
C 3.127398 1.520531 -0.04089 C 3.072556 1.602584 -0.07294 C 3.534866 0.890279 1.122212 
C 3.596813 0.807496 1.067069 C 3.625427 0.874637 1.004037 C 3.26968 -0.47962 1.22862 
C 3.237705 -0.52835 1.279223 C 3.327974 -0.48882 1.226961 C 3.812777 -1.25069 2.305098 
C 3.710757 -1.24665 2.424691 C 3.875721 -1.20945 2.324973 H 4.438529 -0.74571 3.035784 
H 4.362439 -0.72907 3.123812 H 4.547745 -0.68303 3.000705 C 3.553773 -2.59314 2.414317 
C 3.351044 -2.55193 2.641007 C 3.571959 -2.55218 2.549914 H 3.970295 -3.16956 3.23444 
H 3.714677 -3.08542 3.514133 H 4.005566 -3.07548 3.398901 C 2.732805 -3.23465 1.443981 
C 2.490503 -3.21215 1.715821 C 2.697015 -3.21921 1.675674 H 2.52828 -4.29717 1.534909 
H 2.201078 -4.24323 1.896818 H 2.442461 -4.26256 1.84705 C 2.195002 -2.52668 0.395415 
C 2.021818 -2.5586 0.602373 C 2.142847 -2.54351 0.583836 H 1.568178 -3.05117 -0.3156 
H 1.359213 -3.08653 -0.07313 H 1.456064 -3.08216 -0.06106 C 2.438441 -1.12388 0.235884 
C 2.375493 -1.19469 0.327113 C 2.438002 -1.17683 0.306443 C -1.07693 -0.36006 -0.74451 
C -1.07496 -0.40253 -0.66184 C -1.08127 -0.43443 -0.64606 H -0.54733 0.530234 -0.42924 
H -0.45765 0.308675 -0.12619 H -0.45545 0.266299 -0.10605 C -0.3602 -1.30168 -1.51406 
C -0.44915 -1.26307 -1.55865 C -0.45093 -1.27662 -1.55696 C -1.01731 -2.48927 -1.93254 
C -1.25248 -2.19051 -2.24868 C -1.25313 -2.19829 -2.25547 H -0.46882 -3.22127 -2.51828 
H -0.79426 -2.88156 -2.95234 H -0.7931 -2.87582 -2.97186 C -2.33137 -2.71323 -1.6128 
C -2.6242 -2.23937 -2.04486 C -2.62473 -2.26427 -2.04322 H -2.85303 -3.60916 -1.93232 
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H -3.24355 -2.95562 -2.57597 H -3.24088 -2.98083 -2.57837 C -3.09474 -1.76116 -0.83231 
C -3.24869 -1.36427 -1.14058 C -3.2506 -1.40766 -1.12389 C -2.40835 -0.53715 -0.38908 
C -2.467 -0.41975 -0.42099 C -2.47251 -0.46445 -0.39856 C -3.11357 0.475945 0.408242 
C -3.08725 0.512718 0.550472 C -3.09287 0.453315 0.584941 C -2.54947 1.666123 0.893282 
C -2.3551 1.45118 1.306363 C -2.36219 1.402993 1.330017 H -1.51385 1.902515 0.692665 
H -1.28032 1.529837 1.207155 H -1.29132 1.499869 1.207953 C -3.32205 2.550223 1.639139 
C -3.02123 2.288199 2.194328 C -3.0245 2.225837 2.233148 C -4.66504 2.264017 1.915136 
C -4.40999 2.190517 2.330285 C -4.40915 2.105039 2.3957 H -5.2843 2.937582 2.493837 
H -4.96205 2.826629 3.013108 H -4.95841 2.729894 3.091188 C -5.19423 1.083116 1.427378 
C -5.07 1.241669 1.556504 C -5.06786 1.148598 1.630513 H -6.21856 0.770795 1.586955 
H -6.14773 1.116467 1.618387 H -6.14243 1.006715 1.711804 H -2.87537 3.466989 2.0087 
H -2.46048 3.0121 2.777727 H -2.46431 2.95748 2.8075 H 4.161019 1.369458 1.870572 
H 4.249355 1.303372 1.781759 H 4.296386 1.385294 1.693567 H -4.78844 -0.65038 0.328922 

 
Table S11. Cartesian coordinates for optimized geometries for 7. 
7 in CH2Cl2 / -1469.032780 Ha 7 rad.anion CH2Cl2 / -1469.126157 Ha 7 rad.cation CH2Cl2 / -1468.822740 Ha 

O -3.28536 3.736381 -0.07614 O -2.68206 4.072165 -0.34515 O -2.00164 4.257851 -0.1541 
H -3.85096 2.907618 -0.04806 H -3.35214 3.326342 -0.06065 N -3.373 2.193623 0.397072 
N -3.94126 1.258687 -0.00712 N -3.74592 1.887571 0.230445 C 2.322612 1.021078 -1.8308 
C 2.236621 2.287285 -0.22224 C 2.295292 1.51494 -1.51384 H 2.120083 0.607337 -2.82176 
H 2.648608 2.696839 -1.15014 H 2.298284 1.266341 -2.57982 H 3.196839 1.662432 -1.96807 
H 2.739464 2.852828 0.568652 H 3.085707 2.264759 -1.40678 C 2.635966 -0.08142 -0.83736 
C 2.615641 0.822319 -0.10855 C 2.670402 0.281911 -0.70895 C 3.378524 0.218449 0.345695 
C 2.839671 0.242999 1.16641 C 3.264611 0.433441 0.570989 C 3.858376 1.525841 0.653157 
C 2.665342 0.968144 2.393574 C 3.489198 1.716995 1.17267 H 3.644523 2.352925 -0.0117 
H 2.332339 1.998931 2.364559 H 3.178751 2.613174 0.648963 C 4.590809 1.774025 1.795813 
C 2.894579 0.381877 3.614217 C 4.072363 1.839289 2.410745 H 4.941535 2.781374 1.997228 
H 2.749638 0.957633 4.523679 H 4.224087 2.825518 2.839912 C 4.889985 0.732367 2.71033 
C 3.317699 -0.97671 3.703498 C 4.476664 0.685103 3.142729 H 5.466927 0.946137 3.604202 
H 3.497682 -1.42243 4.677204 H 4.938049 0.799784 4.119189 C 4.447664 -0.54488 2.454813 
C 3.490127 -1.7127 2.559821 C 4.276251 -0.5635 2.611563 H 4.672635 -1.35615 3.140977 
H 3.80716 -2.75096 2.612332 H 4.575297 -1.45272 3.160597 C 3.688877 -0.83653 1.28177 
C 3.25413 -1.14036 1.267937 C 3.666577 -0.7328 1.326699 C 3.245802 -2.14097 1.025652 
C 3.416648 -1.89916 0.103693 C 3.453898 -2.00852 0.791032 C 2.50835 -2.45477 -0.12519 
C 3.171842 -1.35413 -1.16128 C 2.849856 -2.18104 -0.45844 C 2.072968 -3.78973 -0.36522 
C 3.323698 -2.14467 -2.34639 C 2.623037 -3.49201 -0.9908 H 2.330315 -4.55727 0.358785 
H 3.643868 -3.17764 -2.23803 H 2.939093 -4.34796 -0.40004 C 1.34292 -4.10654 -1.49073 
C 3.068689 -1.61939 -3.58665 C 2.018807 -3.66963 -2.20837 H 1.016135 -5.12672 -1.66369 
H 3.185448 -2.22934 -4.47742 H 1.850009 -4.66894 -2.59861 C 1.019002 -3.09275 -2.42388 
C 2.642155 -0.26424 -3.70755 C 1.602786 -2.53447 -2.96403 H 0.442515 -3.34164 -3.30922 
H 2.430838 0.14407 -4.69154 H 1.11359 -2.67967 -3.92283 C 1.426197 -1.78766 -2.22283 
C 2.492688 0.527703 -2.59565 C 1.807948 -1.26176 -2.49058 H 1.145043 -1.04521 -2.95913 
H 2.154276 1.548966 -2.72503 H 1.464364 -0.42451 -3.08625 C 2.18956 -1.4128 -1.07498 
C 2.756074 0.028285 -1.27504 C 2.443801 -1.01963 -1.22496 C -0.02945 1.285733 -0.8922 
C -0.2448 1.641882 -0.11677 C -0.14331 1.42481 -0.74628 H -0.07582 0.204602 -0.84862 
H 0.066332 0.604358 -0.1045 H -0.02026 0.352476 -0.64111 C 1.152888 1.872681 -1.37221 
C 0.7453 2.615409 -0.17172 C 0.961759 2.17094 -1.15741 C 1.238998 3.289224 -1.40939 
C 0.340035 3.964718 -0.18894 C 0.814991 3.562769 -1.28395 H 2.149273 3.756432 -1.77471 
H 1.090196 4.750985 -0.22926 H 1.658492 4.174117 -1.59664 C 0.186406 4.075509 -1.01084 
C -1.00238 4.309718 -0.15661 C -0.41197 4.168033 -1.00847 H 0.239507 5.158346 -1.0539 
H -1.31395 5.349454 -0.17109 H -0.53272 5.244199 -1.10003 C -1.04481 3.501697 -0.52212 
C -1.99822 3.319619 -0.10365 C -1.5204 3.414579 -0.60022 C -1.12979 2.040226 -0.47607 
C -1.625 1.948336 -0.07871 C -1.40663 1.994741 -0.45509 C -2.34816 1.392083 -0.0012 
C -2.64238 0.877096 -0.013 C -2.55643 1.183652 -0.02072 C -2.55884 0.000354 0.080909 
C -2.31539 -0.4957 0.045962 C -2.50944 -0.1997 0.141853 H -1.78478 -0.68908 -0.22259 
H -1.28664 -0.82605 0.049257 H -1.59027 -0.73843 -0.05321 C -3.76701 -0.48355 0.553719 
C -3.33662 -1.43241 0.10547 C -3.64329 -0.92131 0.55819 C -4.79307 0.389774 0.954966 
C -4.67537 -1.02066 0.108054 C -4.85806 -0.18158 0.815685 H -5.74233 0.028341 1.329171 
H -5.49437 -1.72865 0.154759 H -5.76615 -0.67744 1.141131 C -4.55509 1.744774 0.859388 
C -4.91928 0.345205 0.051352 C -4.83284 1.180806 0.634881 H -5.27982 2.497931 1.141375 
H -5.9349 0.729631 0.052949 H -5.73007 1.76986 0.818821 C -4.01439 -1.9769 0.630592 
C -3.02564 -2.90894 0.156975 C -3.61796 -2.37294 0.737748 F -4.44919 -2.33686 1.860672 
F -3.62391 -3.50872 1.218904 F -3.93352 -2.78986 2.028251 F -2.90745 -2.69977 0.363295 
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F -1.70213 -3.16704 0.249467 F -2.4182 -2.95046 0.452617 F -4.96863 -2.35443 -0.25449 
F -3.47856 -3.55101 -0.95269 F -4.55305 -3.0544 -0.03542 H 3.478255 -2.92939 1.736538 
H 3.732926 -2.93644 0.184288 H 3.75926 -2.88334 1.360313 H -3.14108 3.218962 0.302316 

 
Table S12. Cartesian coordinates for optimized geometries for 8. 
8 in CH2Cl2 / -1469.033023 Ha 8 rad.anion CH2Cl2 / -1469.120008 Ha 8 rad.cation CH2Cl2 / -1468.817399 Ha 

O -3.2691 -2.05874 -1.48871 O -3.22726 -2.2144 -1.32954 O -2.94233 -2.36719 -0.87748 
H -3.68139 -1.34155 -0.93261 H -3.65353 -1.49041 -0.79464 N -3.43971 -0.03376 0.019423 
N -3.45649 0.016746 0.039427 N -3.47173 -0.05135 0.070879 C 2.401963 -0.86895 -1.96558 
C 2.408232 -1.45477 -1.59612 C 2.402868 -1.27431 -1.70365 H 2.959339 -1.76389 -2.25598 
H 2.841454 -2.45321 -1.48018 H 2.890451 -2.25626 -1.71788 H 2.444229 -0.21638 -2.84157 
H 2.677344 -1.16032 -2.61557 H 2.592699 -0.85971 -2.70284 C 3.057179 -0.21032 -0.76519 
C 3.064005 -0.50742 -0.60816 C 3.054871 -0.39196 -0.65989 C 3.197225 1.206429 -0.70662 
C 3.328971 0.837778 -0.96993 C 3.187239 1.012145 -0.89745 C 2.736235 2.082615 -1.73661 
C 2.948565 1.39652 -2.23747 C 2.65869 1.66944 -2.04814 H 2.238022 1.684656 -2.61247 
H 2.419868 0.782935 -2.95733 H 2.103847 1.095073 -2.78309 C 2.901551 3.451933 -1.64806 
C 3.222854 2.702779 -2.56009 C 2.820973 3.041111 -2.26375 H 2.541258 4.086258 -2.45285 
H 2.917714 3.093875 -3.5263 H 2.402503 3.497261 -3.15783 C 3.53262 4.036518 -0.52385 
C 3.900972 3.555235 -1.63996 C 3.514538 3.827268 -1.32724 H 3.655601 5.114088 -0.46988 
H 4.1129 4.584375 -1.91404 H 3.642568 4.894318 -1.49328 C 3.988573 3.230328 0.497181 
C 4.276339 3.071184 -0.4137 C 4.033204 3.230124 -0.17916 H 4.477298 3.663791 1.365774 
H 4.788559 3.710435 0.300658 H 4.56681 3.832415 0.554098 C 3.834587 1.81524 0.439415 
C 4.002196 1.716625 -0.03574 C 3.887832 1.836772 0.074791 C 4.299896 1.004965 1.485213 
C 4.372579 1.232542 1.223237 C 4.405668 1.232617 1.241053 C 4.167181 -0.38946 1.450263 
C 4.093938 -0.08344 1.608802 C 4.255643 -0.14693 1.507716 C 4.660586 -1.19217 2.522174 
C 4.463083 -0.56561 2.906148 C 4.771401 -0.7444 2.691917 H 5.139136 -0.69669 3.362859 
H 4.972987 0.115715 3.582239 H 5.300216 -0.10832 3.399649 C 4.540034 -2.56244 2.492306 
C 4.179536 -1.85033 3.291913 C 4.612561 -2.1032 2.959608 H 4.918581 -3.16657 3.311443 
H 4.462709 -2.20379 4.278856 H 5.016556 -2.53077 3.874172 C 3.919334 -3.18686 1.380749 
C 3.504739 -2.7271 2.392788 C 3.922464 -2.91343 2.04112 H 3.825849 -4.2688 1.356204 
H 3.274013 -3.74095 2.706657 H 3.782917 -3.97273 2.243494 C 3.430139 -2.43907 0.328984 
C 3.141141 -2.30353 1.13786 C 3.40681 -2.36164 0.865157 H 2.953943 -2.95799 -0.49376 
H 2.618578 -2.993 0.485402 H 2.864498 -3.01138 0.186045 C 3.531598 -1.01652 0.31507 
C 3.422204 -0.97079 0.683668 C 3.556885 -0.98083 0.544471 C 0.070453 -0.3331 -1.09457 
C 0.093071 -0.69715 -0.7938 C 0.07573 -0.61317 -0.88456 H 0.442901 0.658943 -0.86884 
H 0.586875 0.100213 -0.25218 H 0.552632 0.238309 -0.41484 C 0.963847 -1.25385 -1.66775 
C 0.887915 -1.58076 -1.51486 C 0.897235 -1.50315 -1.56985 C 0.496651 -2.56397 -1.94957 
C 0.245818 -2.6202 -2.21541 C 0.290923 -2.62384 -2.16615 H 1.177044 -3.2874 -2.39221 
H 0.838488 -3.33137 -2.78579 H 0.903692 -3.34271 -2.70571 C -0.8031 -2.9252 -1.69211 
C -1.13408 -2.7542 -2.18972 C -1.07968 -2.83698 -2.07062 H -1.17152 -3.92022 -1.92236 
H -1.62916 -3.55604 -2.72843 H -1.54404 -3.70926 -2.52066 C -1.7458 -1.9992 -1.11064 
C -1.9303 -1.85528 -1.46101 C -1.89922 -1.93285 -1.38018 C -1.26199 -0.64865 -0.81469 
C -1.31651 -0.79727 -0.73797 C -1.32373 -0.7845 -0.76852 C -2.15942 0.348042 -0.23755 
C -2.11373 0.169387 0.049605 C -2.14614 0.199253 -0.03545 C -1.81991 1.682339 0.078022 
C -1.54089 1.224217 0.797933 C -1.61479 1.375976 0.54701 H -0.81759 2.046493 -0.10247 
H -0.46921 1.367961 0.825398 H -0.56014 1.603478 0.470346 C -2.76761 2.532666 0.618521 
C -2.3583 2.088306 1.509381 C -2.45092 2.251747 1.21958 C -4.07993 2.085315 0.865319 
C -3.74866 1.914614 1.486204 C -3.8218 1.973206 1.321878 H -4.83178 2.738495 1.289085 
H -4.41398 2.571873 2.031005 H -4.50129 2.637095 1.84047 C -4.37964 0.780427 0.548741 
C -4.23408 0.85766 0.731075 C -4.26708 0.80431 0.722845 H 4.77537 1.471185 2.344993 
H 4.881786 1.894683 1.919471 H 4.933503 1.852945 1.96407 H -2.49819 3.556559 0.855883 
H -1.92143 2.898195 2.084234 H -2.045 3.153775 1.665737 C -5.74377 0.155948 0.764306 
C -5.71776 0.568166 0.624932 C -5.72426 0.392937 0.764775 F -6.61702 1.045524 1.263707 
F -6.4589 1.428204 1.360162 F -6.49325 1.297817 1.414126 F -5.66908 -0.88651 1.623665 
F -6.01806 -0.68442 1.051306 F -5.89473 -0.79817 1.394307 F -6.24746 -0.32204 -0.39672 
F -6.15648 0.657274 -0.65652 F -6.24494 0.248926 -0.48078 H -3.62167 -1.03959 -0.24677 

 
Table S13. Cartesian coordinates for optimized geometries for (Me)2PhOH-py. 

PhOH-py neutral – MeCN 
-633.075483 Ha 

PhOH-py-rad.cation – MeCN  
-632.882275 Ha 

C 0.832626 -1.03128 0.001836 C -0.84571 -1.07006 0.00351 
C 2.246665 -1.0387 0.005885 C -2.3111 -1.03698 0.009297 
C 2.923239 0.177832 0.002516 C -2.95809 0.178605 -0.00269 
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C 2.248614 1.413501 -0.00559 C -2.25056 1.405186 -0.01855 
C 0.858113 1.394101 -0.00793 C -0.83672 1.386689 -0.0198 
C 0.112872 0.192988 -0.00238 C -0.10999 0.207045 -0.00323 
C 2.981576 -2.35584 0.012689 C -3.04445 -2.34304 0.022959 
C 3.021233 2.713651 -0.01207 C -2.99504 2.706442 -0.01223 
C -1.36983 0.215634 -0.0003 C 1.361601 0.233268 0.00158 
C -2.13029 1.403416 0.021465 C 2.148174 1.394457 0.032662 
C -3.51864 1.332094 0.019815 C 3.536135 1.29746 0.028838 
C -4.14943 0.083521 -0.00193 C 4.161664 0.045387 -0.0026 
C -3.34096 -1.0479 -0.0195 C 3.362217 -1.08304 -0.02631 
H 4.011448 0.167736 0.004985 H -4.0443 0.20348 -0.00277 
H 0.33624 2.344622 -0.01642 H -0.32943 2.343756 -0.03857 
H -1.64962 2.37275 0.041578 H 1.684032 2.370047 0.063032 
H -4.10597 2.24511 0.036336 H 4.133333 2.202493 0.052105 
H -5.22965 -0.00965 -0.0037 H 5.239656 -0.0536 -0.00598 
H -3.77039 -2.04606 -0.03462 H 3.748746 -2.09387 -0.04749 
H -0.77667 -2.04319 -0.00876 H -2.7815 -2.94584 -0.85335 
H 2.719573 -2.95504 0.892301 H -4.12418 -2.18241 0.030117 
H 4.062871 -2.19517 0.016168 H -2.76805 -2.93499 0.902435 
H 2.725978 -2.96044 -0.86512 H -2.34581 3.548258 -0.26147 
H 2.347331 3.57515 -0.01772 H -3.42124 2.89039 0.983138 
H 3.66946 2.789509 -0.89311 H -3.83379 2.681415 -0.71531 
H 3.667195 2.799419 0.869734 N 2.022691 -0.95644 -0.02365 
N -2.00195 -0.98454 -0.01892 O -0.25266 -2.18471 0.001442 
O 0.213879 -2.2389 0.002975 H 1.39611 -1.785 -0.03253 

 
Table S14. Cartesian coordinates for optimized geometries for (Me)2PhOH-py(Me). 

PhOH-py(Me) neutral MeCN 
-672.373635 Ha 

PhOH-py(Me) rad.cation – MeCN 
-672.182679 Ha 

C -3.19016 0.545237 -0.00014 C -3.22911 0.534301 -3.3E-05 
C -2.73595 -0.77068 -0.0001 C -2.79686 -0.77256 -1E-06 
C -1.34223 -1.01022 -4.4E-05 C -1.35773 -1.05356 0.00001 
C -0.41965 0.069737 -0.00002 C -0.41643 0.080896 -1.1E-05 
C -3.68972 -1.93922 -0.00013 C -3.74124 -1.93556 0.00002 
C 1.044848 -0.1691 0.000042 C 1.039989 -0.14136 0.000004 
C 1.999505 0.868145 0.000069 C 2.005607 0.873352 -4E-06 
C -0.94424 1.382128 -5.7E-05 C -0.93436 1.366531 -4.4E-05 
C 3.364611 0.581948 0.000129 C 3.371909 0.576237 0.000014 
C -2.3102 1.644044 -0.00011 C -2.32372 1.624105 -5.6E-05 
C 4.397528 1.679791 0.00017 C 4.405519 1.666378 0.00004 
C -2.84367 3.05933 -0.00015 C -2.84091 3.031565 -8.5E-05 
C 2.764493 -1.74615 0.000131 C 2.794764 -1.75975 0.000039 
C 3.750587 -0.77029 0.00016 C 3.76222 -0.77732 0.000033 
H 0.068041 -2.28496 0.000025 H 0.740269 -2.14071 0.000031 
H -4.26354 0.724966 -0.00018 H -4.29573 0.74218 -4.2E-05 
H 1.685256 1.904424 0.000043 H 1.697603 1.909853 -2.5E-05 
H -0.26473 2.227165 -0.00004 H -0.27258 2.224048 -6.2E-05 
H 5.044204 1.602905 -0.88086 H 5.050279 1.577219 -0.88076 
H 5.043962 1.603058 0.881389 H 5.049828 1.577571 0.881209 
H 3.932606 2.668519 0.000024 H 3.947981 2.65707 -0.00026 
H 3.022771 -2.80184 0.000153 H 3.017595 -2.81916 0.000053 
H 4.798262 -1.05393 0.000204 H 4.808714 -1.05833 0.000041 
H -4.72631 -1.59203 -0.00016 H -4.77795 -1.59353 0.000031 
H -3.54029 -2.57716 0.878619 H -3.5774 -2.57001 0.878023 
H -3.54024 -2.57717 -0.87886 H -3.57743 -2.57002 -0.87798 
H -2.02944 3.789711 -0.00012 H -2.03174 3.76424 -0.00016 
H -3.46676 3.252243 0.88122 H -3.47206 3.20797 0.879316 
H -3.46668 3.252225 -0.88159 H -3.47217 3.207898 -0.87942 
N 1.453336 -1.4614 0.000075 N 1.490313 -1.42484 0.000026 
O -0.94313 -2.30707 -1.4E-05 O -0.96316 -2.25274 0.000034 

 
Table S15. Cartesian coordinates for optimized geometries for (Me)2PhOH-py(NMe2). 

PhOH-py(4NMe2) neutral – MeCN 
-766.995996 Ha 

PhOH-py(4NMe2) rad.cation – MeCN 
-766.811624 Ha 
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C 2.108310 -0.955700 0.000003 C 2.132330 -1.003243 0.009465 
C 3.448861 -0.503063 0.000004 C 3.510327 -0.502011 0.023588 
C 3.695830 0.867005 0.000000 C 3.736225 0.854547 0.009292 
C 2.656716 1.816086 -0.000004 C 2.671789 1.790138 -0.018982 
C 1.347282 1.345611 -0.000005 C 1.341274 1.321056 -0.028253 
C 1.029819 -0.031034 -0.000001 C 1.024452 -0.029639 -0.010578 
C 4.572287 -1.509804 0.000008 C 4.623905 -1.505220 0.050168 
C 2.964801 3.297059 -0.000007 C 2.968252 3.260512 -0.040675 
C -0.383510 -0.497729 -0.000003 C -0.386094 -0.475328 -0.012933 
C -1.472615 0.380230 0.000001 C -1.472674 0.384982 0.007266 
C -2.801503 -0.110235 0.000000 C -2.812046 -0.104277 0.000464 
C -2.957432 -1.524040 -0.000005 C -2.982402 -1.523389 -0.024941 
C -1.826787 -2.319038 -0.000008 C -1.878320 -2.332655 -0.040233 
C -3.684260 2.176825 0.000012 C -3.669511 2.186785 0.049871 
C -5.233539 0.186568 0.000000 C -5.234933 0.203316 0.011093 
H 4.728681 1.210253 0.000001 H 4.757187 1.226749 0.017923 
H 0.546345 2.077087 -0.000009 H 0.556367 2.067667 -0.052058 
H -1.299949 1.445155 0.000004 H -1.298525 1.448009 0.031455 
H -3.932358 -1.992539 -0.000005 H -3.960518 -1.981499 -0.030078 
H -1.926050 -3.401690 -0.000010 H -1.949308 -3.412998 -0.057044 
H -3.135775 2.509798 0.889887 H -3.126062 2.491869 0.950497 
H -4.657992 2.664605 0.000018 H -4.642528 2.673354 0.056814 
H -3.135780 2.509811 -0.889861 H -3.120395 2.529320 -0.833547 
H -5.945177 1.010952 -0.000004 H -5.934785 1.036090 0.022569 
H -5.421773 -0.426438 0.889881 H -5.421978 -0.416636 0.894201 
H -5.421768 -0.426442 -0.889879 H -5.421546 -0.391260 -0.889274 
H 0.903158 -2.425860 0.000000 H 4.548157 -2.149103 0.933228 
H 4.524147 -2.163432 0.878658 H 5.595147 -1.006565 0.059976 
H 5.542688 -1.006211 0.000007 H 4.574684 -2.165813 -0.822401 
H 4.524149 -2.163437 -0.878639 H 3.557998 3.519507 -0.928492 
H 2.047393 3.892797 -0.000018 H 3.571722 3.543828 0.829988 
H 3.550487 3.584600 -0.881335 H 2.056811 3.861239 -0.042774 
H 3.550469 3.584607 0.881330 N -0.627749 -1.820470 -0.035173 
N -0.570178 -1.845127 -0.000006 N -3.867713 0.734238 0.018412 
N -3.877522 0.729630 0.000002 O 1.934861 -2.250766 0.013045 
O 1.913433 -2.298448 0.000005 H 0.211471 -2.417450 -0.035688 

 
Table S16. Cartesian coordinates for optimized geometries for AN. 

AN neutral – MeCN 
-539.410658 Ha 

AN rad.anion – MeCN 
-539.501297 Ha 

C -0.000001 1.406999 0.000002 C 0.000000 1.407010 0.000001 
C -1.224960 0.723357 0.000001 C -1.243650 0.726657 0.000003 
C -2.482209 1.410075 -0.000001 C -2.496048 1.401256 0.000000 
H -2.480962 2.496944 -0.000001 H -2.497979 2.490064 -0.000001 
C -3.665491 0.714328 0.000000 C -3.707105 0.703650 -0.000002 
H -4.611525 1.247694 0.000001 H -4.647625 1.249580 -0.000004 
C -3.665491 -0.714329 0.000000 C -3.707105 -0.703650 0.000001 
H -4.611525 -1.247694 0.000001 H -4.647625 -1.249580 0.000000 
C -2.482209 -1.410075 -0.000001 C -2.496048 -1.401256 -0.000001 
H -2.480960 -2.496944 -0.000001 H -2.497979 -2.490064 -0.000002 
C -1.224960 -0.723356 0.000000 C -1.243650 -0.726657 0.000001 
C -0.000001 -1.406999 0.000002 C 0.000000 -1.407010 0.000000 
C 1.224961 -0.723356 0.000001 C 1.243650 -0.726657 0.000001 
C 2.482208 -1.410074 -0.000001 C 2.496048 -1.401256 0.000000 
H 2.480961 -2.496943 -0.000001 H 2.497979 -2.490064 -0.000001 
C 3.665491 -0.714328 0.000000 C 3.707105 -0.703650 0.000000 
H 4.611525 -1.247695 0.000001 H 4.647625 -1.249580 -0.000001 
C 3.665491 0.714327 0.000000 C 3.707105 0.703650 -0.000001 
H 4.611525 1.247695 0.000001 H 4.647625 1.249580 -0.000003 
C 2.482208 1.410074 -0.000001 C 2.496048 1.401256 -0.000001 
H 2.480963 2.496943 -0.000001 H 2.497979 2.490064 -0.000002 
C 1.224961 0.723356 0.000000 C 1.243650 0.726657 0.000001 
H 0.000001 2.494580 0.000002 H 0.000000 -2.496419 -0.000003 
H 0.000001 -2.494579 0.000002 H 0.000000 2.496419 -0.000002 
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Table S17. Cartesian coordinates for optimized geometries for 9-Me-AN. 

9-Me-AN rad.neutral – MeCN 
-578.700314 Ha 

9-Me-AN rad.anion – MeCN 
-578.790256 Ha 

C 0.059356 2.726046 0.000001 C 0.00017 2.717242 -0.095738 
H 0.592643 3.101151 0.881096 H -0.877232 3.105373 -0.62216 
H -0.925185 3.189066 -0.000029 H 0.876806 3.105064 -0.623709 
C 0.002695 1.213302 0.00001 C 0.000008 1.205968 -0.045699 
C -1.228654 0.509516 0.000006 C 1.242612 0.498035 -0.006711 
C -2.511335 1.158259 -0.000007 C 2.513489 1.143411 0.054855 
H -2.567585 2.239577 -0.000014 H 2.559629 2.226383 0.102798 
C -3.683798 0.443596 -0.000008 C 3.715299 0.427 0.066158 
H -4.634095 0.96958 -0.000016 H 4.660135 0.963686 0.111818 
C -3.670137 -0.98222 -0.000001 C 3.701316 -0.977419 0.024629 
H -4.607064 -1.531263 -0.000001 H 4.633667 -1.537199 0.031463 
C -2.473196 -1.649543 0.000003 C 2.479765 -1.651211 -0.016533 
H -2.445777 -2.736136 0.000005 H 2.459846 -2.739561 -0.040003 
C -1.226896 -0.941648 0.000005 C 1.237314 -0.956864 -0.025549 
C -0.012871 -1.635828 0.000005 C -0.000035 -1.638446 -0.052055 
C 1.211578 -0.95778 0.000002 C -1.23736 -0.956815 -0.025558 
C 2.453945 -1.670322 -0.000005 C -2.479819 -1.651147 -0.016558 
H 2.424809 -2.756882 -0.000009 H -2.459903 -2.739498 -0.040043 
C 3.653253 -1.004406 -0.000007 C -3.701366 -0.977356 0.02461 
H 4.58838 -1.556583 -0.000012 H -4.633721 -1.537128 0.031431 
C 3.673298 0.420921 -0.000004 C -3.715328 0.427064 0.066168 
H 4.625989 0.942575 -0.000004 H -4.660155 0.963764 0.111845 
C 2.501449 1.138819 0.000001 C -2.513518 1.143461 0.054882 
H 2.549359 2.221422 0.000004 H -2.559678 2.226431 0.102862 
C 1.222444 0.487872 0.000006 C -1.242631 0.498096 -0.006705 
H 0.592692 3.101143 -0.881068 H 0.001164 3.184149 0.903109 
H -0.020944 -2.723154 0.000003 H -0.00006 -2.727576 -0.070578 

 
Table S18. Cartesian coordinates for optimized geometries for 9-CN-AN. 

9-CN-AN neutral – MeCN  
-631.663696 Ha 

9-CN-AN rad.anion – MeCN 
-631.775623 Ha 

C 0.000001 -1.785245 0.000000 C 0.000003 -1.790941 0.000000 
C 1.226698 -1.107684 0.000000 C 1.242455 -1.108430 -0.000001 
C 2.471011 -1.814949 -0.000001 C 2.484029 -1.803773 0.000000 
H 2.448440 -2.900953 -0.000001 H 2.464749 -2.891573 0.000001 
C 3.664338 -1.138395 0.000000 C 3.699803 -1.129396 0.000001 
H 4.603452 -1.682645 0.000000 H 4.632265 -1.687734 0.000001 
C 3.676424 0.286895 0.000000 C 3.716669 0.277703 0.000001 
H 4.626699 0.812076 0.000001 H 4.661889 0.813783 0.000002 
C 2.503352 1.002845 0.000000 C 2.516451 0.990042 0.000000 
H 2.529503 2.087769 0.000000 H 2.542292 2.076652 0.000001 
C 1.241230 0.334803 0.000000 C 1.263318 0.334951 -0.000001 
C 0.000000 1.023830 0.000000 C 0.000000 1.039813 -0.000002 
C -1.241230 0.334802 0.000000 C -1.263316 0.334948 -0.000001 
C -2.503352 1.002843 0.000000 C -2.516451 0.990038 0.000000 
H -2.529504 2.087767 0.000000 H -2.542294 2.076647 0.000000 
C -3.676423 0.286892 0.000000 C -3.716668 0.277696 0.000001 
H -4.626699 0.812073 0.000001 H -4.661889 0.813775 0.000002 
C -3.664336 -1.138397 0.000000 C -3.699799 -1.129403 0.000001 
H -4.603449 -1.682650 0.000000 H -4.632260 -1.687743 0.000001 
C -2.471008 -1.814951 -0.000001 C -2.484024 -1.803778 0.000000 
H -2.448438 -2.900955 -0.000001 H -2.464742 -2.891578 0.000001 
C -1.226697 -1.107684 0.000000 C -1.242452 -1.108433 -0.000001 
C -0.000001 2.452340 0.000000 C -0.000001 2.445238 0.000000 
N -0.000006 3.618874 0.000000 N -0.000016 3.622713 0.000001 
H 0.000001 -2.872265 0.000000 H 0.000004 -2.878860 0.000002 
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7. Theoretical modeling of CPET-CR for 1 and 3 in CH2Cl2. 

Calculation of CPET-CR reaction free energies by (C)DFT 

 The reaction free energies between the ground state (GS) and the charge-separated state (CSS) 
were estimated using density functional theory (DFT). The GS geometry was optimized with 
conventional DFT, and the CSS geometry was optimized with constrained DFT (CDFT), where the 
Becke charges of the phenoxyl-pyridinium and cyanoanthracene motifs within the triad were 
constrained to reflect charges of +1 and −1, respectively. For both types of calculations, the 
geometries were optimized in the gas phase using the B3LYP (38,39) functional and the 6-31+G** 
basis set (40-42), followed by a Hessian calculation to obtain the zero-point energy and entropic 
contributions and then calculation of the solvation free energy using the conductor-like polarizable 
continuum model (C-PCM) (43). The reaction free energy for CPET-CR was determined to be the 
difference in free energies between the product GS and the reactant CSS. 

 The resulting reaction free energies are given in Table S19. Alternative approaches for 
determining the reaction free energies were considered, including optimizing in solvent, 
constraining the spins rather than or in addition to the Becke charges, and only allowing the 
transferring proton to be optimized from the otherwise GS geometry for calculations of the CSS. All 
of these procedures yielded the qualitatively correct ordering of reaction free energies for 1, 2, and 3 
and would subsequently give qualitative agreement in the ratio of rate constants. 

 
Table S19. Reaction free energies in eV for CPET-CR computed with DFT and CDFT for the GS 
and CSS, respectively, for triads 1, 2, and 3. 
 

Triad Solvent ΔGo 

1 

CH2Cl2 -2.54 
n-BuCN -2.48 

DMF -2.46 
MeCN -2.42 

2 
CH2Cl2 -2.53 
n-BuCN -2.43 

DMF -2.41 

3 
CH2Cl2 -2.36 
DMF -2.29 

MeCN -2.29 
 
 The reaction free energies in Table S19 are in agreement with those obtained via the Weller 
method (see Section S6 above). Moreover, they fully reproduce the expected trend based on 
substituent effect (the pyridine’s pKa) and solvent polarity. The reaction free energies of CPET-CS 
for 1-3 were estimated from these reaction free energies combined with the experimental excitation 
energy, as discussed above, using: ∆Gᵒ’CPET-CS= –(∆Gᵒ’CPET-CR + E0-0). For 4-8, no minimum was 
found in which the proton was localized on the donor N of the CSS using charge-constrained 
CDFT. This observation correlates with the lack of CSS accumulation for these triads observed by 
visible transient absorption (Section S3). The reaction free energies of CPET-CS and CPET-CR for 
4-8 were obtained from the Weller method (Table S4). 
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Table S20. Reaction free energies in eV for CPET-CR computed with DFT and CDFT for the GS 
and CSS, respectively, for triads 1, 2, and 3 and with multiple exchange-correlation functionals and 
CDFT constraints. 

Triad Solvent ΔGo * ΔGo † ΔGo ‡ ΔGo § 

1 

CH2Cl2 -2.54 -2.52 -2.51 -2.63 
n-BuCN -2.48 -2.44 -2.43 -2.55 

DMF -2.46 -2.41 -2.40 -2.52 
MeCN -2.42 -2.41 -2.40 -2.52 

2 
CH2Cl2 -2.53 -2.44 -2.46 -2.65 
n-BuCN -2.43 -2.35 -2.37 -2.56 

DMF -2.41 -2.32 -2.34 -2.53 

3 
CH2Cl2 -2.36 -2.24 -2.40 -2.35 
DMF -2.29 -2.14 -2.30 -2.25 

*B3LYP functional with charge constrained for CDFT calculations of 
the CSS. 
†B3LYP functional with spin and charge constrained for CDFT 
calculations of the CSS. 
‡CAM-B3LYP functional (47) with spin and charge constrained for 
CDFT calculations of the CSS. 
§ωB97X functional (48) with spin and charge constrained for CDFT 
calculations of the CSS. 

 

 Table S20 provides results of benchmarking several methods for computing the reaction free 
energies for CPET-CR in each triad and solvent for which this reaction was observed 
experimentally. Each method shown demonstrates the same trend in CPET-CR driving forces, and 
all of these levels of theory can reproduce the qualitative inverted region behavior. If the restriction 
that the reorganization energy and electronic coupling are identical for triads 1 and 3 were removed, 
the experimental observations could be reproduced with any of these data sets. Given this 
restriction, however, the B3LYP functional with the charge constrained for the CDFT calculations 
of the CSS provides the best agreement with the experimental data.  Moreover, the B3LYP 
functional was used for the proton potentials, and thus for consistency this functional is also used 
for the driving forces. Overall, these calculations should be viewed as a proof of concept providing 
a qualitative explanation of the inverted region behavior rather than as quantitatively meaningful. 

 

Reorganization energies 

 The reorganization energies and proton potentials for 1 and 3 were estimated using separate 
fragments of the overall triads for computational simplicity. The triads were fragmented such that 
the phenol-pyridine and 9-cyanoanthracene motifs were studied separately. The structures of all 
fragments are shown in Fig. S54. The GS was represented by the (reduced) neutral phenol-pyridine 
and (oxidized) neutral 9-cyanoanthracene fragments, whereas the CSS was represented by the 
(oxidized) phenoxyl-pyridinium cation and (reduced) radical anion 9-cyanoanthracene fragments. 
These DFT calculations were performed with the same computational methods described above but 
with the 6-31G** basis set. The reduced and oxidized fragments provide the correct qualitative 
electronic structures of each motif in both states and avoided the use of CDFT. 
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Figure S54. Structures of triad fragments used for calculating reorganization energies and proton 
potentials. In Fragments 1 and 3, the CSS was represented by oxidizing the motif and allowing the 
proton to transfer from O to N. In 9-cyanoanthracene, the CSS was represented by reduction of the 
species to produce the radical anion. 
 
The total reorganization energy λ  is the sum of the inner-sphere (solute) and outer-sphere (solvent) 
reorganization energies. The inner-sphere reorganization energy iλ  was calculated using a four-
point scheme (49,50) given by  

 
( ) ( ) ( ) ( )GS CSS CSS GS

i CSS eq CSS eq GS eq GS eq
1
2

E R E R E R E Rλ ª º= − + −¬ ¼   (S7) 

In this expression, the first (third) term is the energy calculated at the optimized GS (CSS) geometry 
in the CSS (GS) redox state with the transferring hydrogen optimized for the CSS (GS). The second 
and fourth terms are the energies of the CSS and GS, respectively, at their equilibrium geometries. 
All of these calculations were performed by optimizing the molecules in the gas phase and 
considering only the electronic energies.  

 This four-point procedure was performed for the full triad molecules using charge CDFT for 
the CSS and standard DFT for the GS, as well as for the aforementioned fragments using standard 
DFT by assigning the appropriate charges to each fragment. The total inner-sphere reorganization 
energy for CPET-CR as determined with the fragments is the sum of the values for 9-
cyanoanthracene and either Fragment 1 or Fragment 3. The inner-sphere reorganization energies 
computed with both approaches are given in Table S21. Note that the inner-sphere reorganization 
energy is significantly larger when computed for the full triad rather than the sum of the fragments, 
presumably due to geometrical changes at the interface between the fragments. 

 
Table S21. Inner-sphere (solute) reorganization energies for the three fragments computed with 
standard DFT (left) and for the full triads computed with charge CDFT for the CSS and standard 
DFT for the GS (right). 

Fragment iλ  (eV) Triad iλ  (eV) 

9-Cyanoanthracene 0.10 1 1.15 

Fragment 1 0.28 3 1.08 

Fragment 3 0.31   
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 The outer-sphere, or solvent, reorganization energy was determined using the Marcus two-
sphere model, given by 

 

2

s
0 D A DA

( ) 1 1 1 1 2
2

λ
e e∞

§ ·§ ·∆
= − + −¨ ¸¨ ¸

© ¹© ¹

q
R R R   (S8) 

In this model, q∆  is the change in charge for each fragment between the GS and CSS and thus is 
±1, e∞  and 0e  are the optical and static dielectric constants of the solvent, respectively, DR  is the 
radius of the electron donor, AR  is the radius of the electron acceptor, and DAR  is the distance 
between the donor and acceptor. The donor and acceptor radii were determined from the cavity 
volume obtained in the C-PCM calculation for the fragment geometries optimized in the gas phase, 
assuming a sphere with the same volume, and the spheres are assumed to be touching such that DAR  
is the sum of DR  and AR . The solvent reorganization energies for triads 1 and 3 were determined to 
be 0.68 eV and 0.66 eV, respectively. This approach is expected to overestimate the solvent 
reorganization energy due to the neglect of charge delocalization and screening effects.  

 The values for the total reorganization energyλ  for 1 and 3 are both 1.06 eV with the inner-
sphere component obtained from the fragment calculations and 1.83 eV and 1.74 eV, respectively, 
with the inner-sphere component obtained from the full triad calculations. The large discrepancy in 
inner-sphere and therefore total reorganization energies based on the choice of methodology led to 
the decision in this work to treat the reorganization energy as a fitting parameter to reproduce the 
experimental ratio of rate constants for CPET-CR in 1 and 3. Its value is assumed to be equivalent 
for both triads, as the above calculations suggest. The resulting value of the reorganization energy, 
1.40 eV, falls between the two calculated values for the total reorganization energy and yields not 
only the experimental ratio of CPET-CR rates between the two triads but also the appropriate KIE 
of nearly unity for each triad (see below). While alternative methodologies for computing both 
components of the reorganization energy could also be considered, the qualitative rate constant 
ordering, which implicates inverted region behavior, holds for any reasonable value of λ .  

 
Average geometries and proton potentials 

 Calculation of the rate constants of CPET-CR for triads 1 and 3 also required the proton 
potentials at different proton donor-acceptor distances. For this purpose, we first generated average 
structures for the reduced and oxidized phenol-pyridine fragment in which the proton transfers. 
These average structures represent the crossing point between the diabatic curves corresponding to 
the reduced and oxidized states along an inner-sphere solute coordinate. Moreover, these average 
structures must be obtained for a series of different proton donor-acceptor (O—N) distances. First, 
geometry optimizations with the proton donor-acceptor distance constrained to a series of specified 
values were performed in the reduced and oxidized states, corresponding to the GS and CSS, 
respectively. Then, at each proton donor-acceptor distance, the GS and CSS structures were aligned 
such that the donor N and acceptor O were superimposed, and the Cartesian coordinates of all other 
atoms were averaged. 

 For each average structure, the position of the transferring hydrogen atom was optimized in 
both the GS (reduced) and CSS (oxidized) states, with all other atoms frozen. The axis connecting 
the resulting positions of the hydrogen in both states was chosen to be the proton transfer 
coordinate. The transferring proton was subsequently placed at each of 24 grid points along this 
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axis, and a single-point DFT calculation in solution was performed at each grid point to generate the 
proton potential at that proton donor-acceptor distance in both the reduced and oxidized states. The 
energies obtained from these single-point calculations were then interpolated to yield the proton 
potential energy curves for the reduced and oxidized states, corresponding to the GS and CSS, 
respectively. The resulting proton potentials are shown in Figures S55 and S56. 

 

 
Figure S55. Proton potentials for 1 in the reactant CSS (left) and product GS (right) for all proton 
donor-acceptor distances considered. 
 
 

 
Figure S56. Proton potentials for 3 in the reactant CSS (left) and product GS (right) for all proton 
donor-acceptor distances considered. 
 
Probability distribution function for proton donor-acceptor distances 

 The rate constant for CPET-CR is calculated by thermal averaging along the proton donor-
acceptor distance R . This thermal averaging is performed using a probability distribution function 
for a harmonic potential with an effective force constant effk : 

 
( )
( )

2

eff B

2

eff B

exp / 2
( )

exp / 2

k R R k T
P R

k R R k T dR
∞

−∞

ª º− −« »¬ ¼=
ª º− −« »¬ ¼∫

  (S6) 

In this expression, R  is the average equilibrium proton donor-acceptor distance, and effk  is the 
effective force constant. The effective force constants are determined for the phenol-pyridine 
fragments in both the neutral and cationic states, corresponding to the GS and CSS, respectively. At 
the optimized geometry of each state in the gas phase, this effective force constant was determined 
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by projecting all normal modes onto the proton donor-acceptor axis and performing a weighted sum 
of the force constants associated with these harmonic motions (50,51). The effective force constant 

effk  utilized in the probability distribution function is the average of the resulting two values. The 
calculated effective force constants, as well as the equilibrium proton donor-acceptor distances, are 
given in Table S22. 
 
Table S22. Equilibrium proton donor-acceptor distances and effective force constants for the 
phenol-pyridine fragments 1 and 3. 

Fragment State R (Å) R (Å) effk (au) Average effk
(au) 

1 CSS 2.57 2.57 0.0516 0.0514 GS 2.57 0.0512 

3 CSS 2.58 2.57 0.0519 0.0484 GS 2.56 0.0450 
 
 
CPET-CR rate constants, kinetic isotope effects, and reactant/product vibronic state pair 
contributions 

 With all of the input quantities calculated as described above, the rate constants of CPET-CR 
for 1 and 3 were computed according to Equations 1 and 2 in the main text. The reactant and 
product vibronic states can be viewed as proton vibrational states within their respective diabatic 
electronic states. The one-dimensional Schrödinger equation was solved for each of the calculated 
proton potentials at each proton donor-acceptor distance in order to obtain the proton (or deuteron) 
vibrational wavefunctions. These nuclear wavefunctions were used to compute the overlap integrals 
Sµν  that enter the rate constant expression. The calculated rate constants for both triads with either 

H or D are given in Table S23, assuming an electronic coupling of 1 kcal/mol. These absolute rate 
constants are not meaningful given that the actual electronic coupling is unknown. However, the 
electronic coupling cancels exactly when computing the H/D kinetic isotope effect (KIE) for each 
triad, as well as when computing the ratio of the rate constants for 1 and 3, because it is assumed to 
be the same for both triads.  

 
Table S23. CPET-CR rate constants (in s-1), assuming an electronic coupling of 1 kcal/mol, KIEs, 
and ratio of rate constants for 1 and 3.*  

  1 3 𝑘𝑘𝟑𝟑/𝑘𝑘𝟏𝟏 
𝑘𝑘H 2.40 × 1011 6.62 × 1011 2.76 
𝑘𝑘D 2.22 × 1011 6.17 × 1011  

KIE 1.08 1.07  * The absolute magnitudes of the individual rate constants are not meaningful because the electronic 
coupling for these systems is unknown. 
 
 The calculated ratio of rate constants for 1 and 3 of 2.76 is in agreement with the 
experimentally determined value and demonstrates that, despite being more exoergic, CPET-CR is 
slower for 1 than for 3, implicating the Marcus inverted region. In addition, both calculated KIEs 
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are in good agreement with the experimentally observed KIEs of unity. (As discussed above, the 
reorganization energy was varied to reproduce the experimental ratio of rate constants, but the KIEs 
were computed without further parameterization.) Analysis of the contributions to the rate constant 
(Tables S24−S27) indicates that the KIE of unity is the result of large contributions from highly 
excited proton vibrational wavefunctions in the product state. These vibrational wavefunctions for 
the product (GS) are delocalized for both H and D (Figure 4), leading to significant overlap with the 
ground state vibrational wavefunctions for the reactant (CSS) with only small differences between 
H and D.  

 To further elucidate these data, we analyzed the dominant contributions to the rate constants 
for each triad and isotope in terms of reactant/product vibronic state pairs. This analysis was 
performed at the dominant proton donor-acceptor distance, which is the distance corresponding to 
the maximum of ( ) ( )k R P R . For both triads for both H and D, the dominant proton donor-acceptor 
distance was the equilibrium distance, 2.57 Å. These data are given in Tables S24−S27. While these 
tables only show the data for one reactant and nine product vibronic states, the calculations 
performed included three reactant and twelve product vibronic states. As is clear from the percent 
contributions, the states shown herein represent all non-negligible contributions to the rate constant. 
These data include the Marcus free energy barrier for each reactant/product vibronic state pair, 

†Gµν∆ , defined as follows: 

  

( )2o
†

4
µν

µν

λ

λ

∆ +
∆ =

G
G

  (S7) 

 For both triads and both isotopes, the dominant contributions to the rate constant are from the 
ground reactant (CSS) state to the excited product (GS) states. This observation is expected because 
for exoergic reactions such as this CPET-CR, these reactant/product vibronic state pairs have small 
free energy barriers, †Gµν∆ , and large overlap integrals. Although the dominant contributing 
vibronic state pairs are less exoergic than  o

00∆G , which is the reaction free energy for the reactant 
and product ground vibronic states, their effective reaction free energies, o

µν∆G , are still greater in 
magnitude than the reorganization energy, λ  = 32.28 kcal/mol. Moreover, the higher product 
vibronic states do not contribute significantly due to smaller overlap integrals arising from 
oscillations of the associated proton vibrational wavefunctions (Figure 4). As a result, the CPET-CR 
process for these systems exhibits inverted region behavior. 

Table S24. Main contributions to the rate constant for 1 with hydrogen at R  = 2.57 Å.*  

( , )µ ν   Pµ   o
µν∆G  †Gµν∆  2

µνS   
†

B
exp G

k T
µνª º−∆

« »
¬ ¼

  % Contrib. 

(0,0) 1.00 -58.49 5.32 1.03E-03 1.27E-04 0.00 
(0,1) 1.00 -53.60 3.52 4.53E-01 2.64E-03 13.12 
(0,2) 1.00 -52.19 3.07 4.24E-01 5.63E-03 26.19 
(0,3) 1.00 -48.80 2.11 1.03E-01 2.84E-02 31.98 
(0,4) 1.00 -45.10 1.27 1.73E-02 1.17E-01 22.15 
(0,5) 1.00 -40.83 0.57 1.45E-03 3.85E-01 6.11 
(0,6) 1.00 -36.11 0.11 4.99E-05 8.26E-01 0.45 
(0,7) 1.00 -31.01 0.01 4.78E-08 9.79E-01 0.00 
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(0,8) 1.00 -25.57 0.35 1.41E-07 5.54E-01 0.00 
* Free energies in kcal/mol. 
Table S25. Main contributions to the rate constant for 1 with deuterium at R  = 2.57 Å.* 

( , )µ ν   Pµ   o
µν∆G  †Gµν∆  2

µνS   
†

B
exp G

k T
µνª º−∆

« »
¬ ¼

  % Contrib. 

(0,0) 1.00 -58.49 5.32 1.01E-05 1.27E-04 0.00 
(0,1) 1.00 -54.09 3.68 9.36E-03 2.00E-03 0.22 
(0,2) 1.00 -52.73 3.24 7.38E-01 4.24E-03 37.25 
(0,3) 1.00 -50.95 2.70 1.56E-01 1.05E-02 19.54 
(0,4) 1.00 -48.96 2.15 7.88E-02 2.64E-02 24.77 
(0,5) 1.00 -46.50 1.56 1.56E-02 7.14E-02 13.25 
(0,6) 1.00 -43.75 1.02 1.98E-03 1.80E-01 4.23 
(0,7) 1.00 -40.74 0.55 1.39E-04 3.93E-01 0.65 
(0,8) 1.00 -37.51 0.21 3.65E-06 7.00E-01 0.03 

* Free energies in kcal/mol. 
 

Table S26. Main contributions to the rate constant for 3 with hydrogen at R  = 2.57 Å. * 

( , )µ ν   Pµ   o
µν∆G  †Gµν∆  2

µνS   
†

B
exp G

k T
µνª º−∆

« »
¬ ¼

  % Contrib. 

(0,0) 1.00 -54.54 3.84 1.32E-03 1.55E-03 0.01 
(0,1) 1.00 -50.90 2.68 7.02E-01 1.08E-02 30.07 
(0,2) 1.00 -49.03 2.17 1.95E-01 2.56E-02 19.72 
(0,3) 1.00 -45.88 1.43 8.59E-02 8.93E-02 30.37 
(0,4) 1.00 -42.20 0.76 1.47E-02 2.76E-01 16.05 
(0,5) 1.00 -37.99 0.25 1.38E-03 6.53E-01 3.56 
(0,6) 1.00 -33.35 0.01 5.57E-05 9.85E-01 0.22 
(0,7) 1.00 -28.32 0.12 1.64E-07 8.14E-01 0.00 
(0,8) 1.00 -22.96 0.67 1.20E-07 3.21E-01 0.00 

* Free energies in kcal/mol. 
 

Table S27. Main contributions to the rate constant for 3 with deuterium at R  = 2.57 Å.*  

( , )µ ν   Pµ   o
µν∆G  †Gµν∆  2

µνS   
†

B
exp G

k T
µνª º−∆

« »
¬ ¼

  % Contrib. 

(0,0) 1.00 -54.54 3.84 1.26E-05 1.55E-03 0.00 
(0,1) 1.00 -50.59 2.60 4.30E-01 1.25E-02 22.85 
(0,2) 1.00 -50.21 2.49 3.73E-01 1.50E-02 23.72 
(0,3) 1.00 -47.96 1.90 1.29E-01 4.04E-02 22.14 
(0,4) 1.00 -46.06 1.47 5.40E-02 8.38E-02 19.20 
(0,5) 1.00 -43.61 0.99 1.16E-02 1.87E-01 9.17 
(0,6) 1.00 -40.90 0.58 1.57E-03 3.79E-01 2.53 
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(0,7) 1.00 -37.94 0.25 1.22E-04 6.59E-01 0.34 
(0,8) 1.00 -34.75 0.05 3.86E-06 9.24E-01 0.02 

* Free energies in kcal/mol. 
 
Geometries and energies for relevant species 
 

Table S28. Cartesian coordinates for optimized geometries for 1. 
1-GS / -1263.875304 Ha 1-CSS / -1263.797642 

O 4.849938 -1.896554 0.157935 O 3.759234 -2.477474 -1.270268 
H 5.078676 -0.987998 -0.197599 H 4.251828 -1.139610 -1.722255 
N 4.583053 0.549267 -0.582722 N 4.195006 -0.062096 -1.629469 
C -0.697270 -2.114807 1.463220 C -0.484224 -1.247262 2.195681 
H -1.039909 -3.137257 1.279455 H -0.912052 -2.153156 2.664970 
H -0.786156 -1.987755 2.547163 H -0.207455 -0.580123 3.034157 
C 1.343089 -0.847218 0.577794 C 1.571658 -0.549981 0.923083 
H 0.696778 0.009468 0.430663 H 1.321321 0.474982 1.182599 
C 0.775360 -2.018072 1.068591 C 0.806749 -1.584268 1.482454 
C 1.616076 -3.133225 1.242534 C 1.161018 -2.937843 1.194464 
H 1.203693 -4.065539 1.622565 H 0.599426 -3.745127 1.661988 
C 2.965529 -3.064626 0.934189 C 2.150365 -3.229905 0.283910 
H 3.617491 -3.922948 1.060556 H 2.413887 -4.252648 0.032851 
C 3.533969 -1.877579 0.438919 C 2.871976 -2.187739 -0.400840 
C 2.712363 -0.730268 0.256202 C 2.562242 -0.799147 -0.032060 
C 3.269874 0.544151 -0.253235 C 3.271194 0.296169 -0.696984 
C 2.505262 1.720928 -0.396629 C 3.072616 1.671189 -0.476451 
H 1.456626 1.730538 -0.125128 H 2.337624 1.997822 0.247886 
C 3.081948 2.892051 -0.883238 C 3.792397 2.626183 -1.191842 
C 4.446408 2.859017 -1.218941 C 4.735878 2.182046 -2.144961 
H 4.951559 3.740628 -1.602010 H 5.316956 2.888970 -2.726693 
C 5.145366 1.672285 -1.048980 C 4.910294 0.828810 -2.340188 
H 6.202933 1.607244 -1.293277 H 5.611644 0.418051 -3.057719 
C 2.273910 4.154930 -1.048789 C 3.563519 4.097881 -0.974926 
H 2.723787 4.983729 -0.490844 H 4.504498 4.609409 -0.745908 
H 1.247370 4.024503 -0.697255 H 2.861474 4.281947 -0.159036 
H 2.235455 4.456594 -2.101828 H 3.157239 4.557903 -1.882992 
C -1.637724 -1.145025 0.771777 C -1.540038 -0.596178 1.270525 
C -1.958153 0.094409 1.380716 C -2.563084 0.224573 1.843566 
C -1.364948 0.519614 2.616872 C -2.573705 0.524707 3.237671 
H -0.628798 -0.112831 3.097535 H -1.764375 0.117263 3.825633 
C -1.685140 1.721786 3.194162 C -3.547923 1.300988 3.830971 
H -1.212627 2.016013 4.126472 H -3.509496 1.505555 4.897522 
C -2.630358 2.587431 2.577198 C -4.590480 1.834544 3.039680 
H -2.883653 3.533411 3.046196 H -5.359937 2.452495 3.494086 
C -3.217367 2.231784 1.390194 C -4.630820 1.569197 1.685391 
H -3.934480 2.892168 0.913459 H -5.434104 1.974879 1.077757 
C -2.899556 0.992446 0.752771 C -3.644515 0.759887 1.052388 
C -3.481508 0.623084 -0.481950 C -3.713087 0.433775 -0.330049 
C -3.144978 -0.593600 -1.120887 C -2.712794 -0.379432 -0.936196 
C -3.716263 -0.962481 -2.377518 C -2.793167 -0.768006 -2.303126 
H -4.432464 -0.291585 -2.840782 H -3.641064 -0.425725 -2.888710 
C -3.368406 -2.137163 -2.993301 C -1.829062 -1.568764 -2.885568 
H -3.811263 -2.400473 -3.949088 H -1.921944 -1.853574 -3.930593 
C -2.423089 -3.009475 -2.387006 C -0.703936 -1.974501 -2.132286 
H -2.140567 -3.930071 -2.888610 H 0.093319 -2.551122 -2.596745 
C -1.861446 -2.691563 -1.176588 C -0.577232 -1.588938 -0.814482 
H -1.129100 -3.362455 -0.745234 H 0.297626 -1.833768 -0.185792 
C -2.200248 -1.481290 -0.485792 C -1.599214 -0.843622 -0.138868 
C -4.422114 1.504624 -1.103119 C -4.799756 0.913822 -1.111096 
N -5.185646 2.225606 -1.608667 N -5.688385 1.317908 -1.755231 
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Table S29. Cartesian coordinates for optimized geometries for 2. 

2-GS / -1339.0651786744 Ha 2-CSS /  -1338.9478785989 
O 4.8865888 -1.742206 0.920422 O 3.7116988 -2.3741064 -1.2179359 
H 5.1104659 -0.8416605 0.5410732 H 4.2070654 -0.9978515 -1.5565444 
N 4.58875 0.6074023 -0.0673939 N 4.1649233 0.064263 -1.3547947 
C -0.7728888 -2.3565349 1.2718106 C -0.6173241 -1.415599 2.2165631 
H -1.0323414 -3.2836279 0.7501473 H -1.0565007 -2.346366 2.6222359 
H -1.0131224 -2.5592865 2.3203678 H -0.3771834 -0.7858 3.0946848 
C 1.2934394 -0.9650501 0.6456709 C 1.5002503 -0.6372544 1.1080159 
H 0.6244401 -0.17551 0.3243805 H 1.246946 0.3637204 1.4477993 
C 0.7338874 -2.1331238 1.1488806 C 0.7041861 -1.707928 1.5397285 
C 1.6092625 -3.154387 1.5671227 C 1.0568017 -3.0330568 1.1415646 
H 1.2034357 -4.082116 1.9654155 H 0.4675188 -3.8720823 1.5075322 
C 2.9821081 -2.9973466 1.4803518 C 2.071047 -3.2514602 0.2368519 
H 3.6616043 -3.780135 1.8018272 H 2.3299969 -4.2497566 -0.1019948 
C 3.5432126 -1.8122033 0.9695846 C 2.8161218 -2.158321 -0.3340478 
C 2.6872069 -0.7635534 0.5350667 C 2.5170841 -0.8098931 0.1638508 
C 3.2330755 0.4981753 -0.0180376 C 3.2528833 0.3382595 -0.3732389 
C 2.4241476 1.5446831 -0.4801315 C 3.0909003 1.6684455 0.0149271 
H 1.3439082 1.4920472 -0.4600994 H 2.3828187 1.9533515 0.7814411 
C 3.0102276 2.7056124 -0.9919422 C 3.8352383 2.6796218 -0.6069972 
C 4.4094611 2.804717 -1.0366679 C 4.7586129 2.3463062 -1.6240562 
H 4.9236397 3.6757599 -1.4211171 H 5.3517909 3.0909653 -2.1360038 
C 5.1383599 1.7198748 -0.5587404 C 4.8888555 1.0155132 -1.9642361 
H 6.2254208 1.7478072 -0.5726798 H 5.5746995 0.6776238 -2.7330374 
O 2.154525 3.6666601 -1.4151573 O 3.6027316 3.9263385 -0.1765248 
C 2.6868792 4.8747596 -1.9583524 C 4.2767296 5.0340241 -0.793059 
H 3.2805451 4.6757032 -2.8581203 H 4.0295406 5.0942054 -1.8578326 
H 1.8216272 5.4836933 -2.2200743 H 3.902682 5.9183871 -0.2796102 
H 3.2979758 5.4062389 -1.2195621 H 5.3602773 4.9578336 -0.6549103 
C -1.6694677 -1.2427499 0.7671472 C -1.6416026 -0.7141151 1.2887497 
C -2.1031607 -0.2235084 1.651756 C -2.7201395 0.018682 1.8792852 
C -1.6583687 -0.1498196 3.013878 C -2.8283036 0.1555997 3.2946394 
H -0.9434752 -0.8763673 3.380364 H -2.0505523 -0.3061088 3.8852435 
C -2.0960476 0.8360139 3.861049 C -3.8555831 0.8455394 3.9047796 
H -1.7358461 0.8683477 4.8849144 H -3.892449 0.9261318 4.9878544 
C -3.0146634 1.821178 3.4048602 C -4.8541108 1.4539825 3.11051 
H -3.3604062 2.5937255 4.0851877 H -5.6630435 2.0076233 3.5791791 
C -3.4586416 1.8019788 2.1077922 C -4.8005866 1.3447656 1.735351 
H -4.1529564 2.558405 1.7559992 H -5.5696103 1.8081771 1.1246845 
C -3.0166755 0.7966704 1.1932587 C -3.7590279 0.6246226 1.0833564 
C -3.4497839 0.7764142 -0.153027 C -3.7297409 0.4576751 -0.3283791 
C -2.9914908 -0.2075244 -1.060203 C -2.6795238 -0.2744521 -0.9523991 
C -3.404523 -0.216273 -2.4282386 C -2.6653567 -0.5050055 -2.3571222 
H -4.0946301 0.5488766 -2.7690315 H -3.4780613 -0.1038216 -2.9549863 
C -2.9380844 -1.1658452 -3.300423 C -1.653889 -1.226637 -2.9616551 
H -3.2600779 -1.1557274 -4.3373892 H -1.6747168 -1.3912881 -4.0360651 
C -2.0276402 -2.162028 -2.8520236 C -0.5759588 -1.7092426 -2.1853695 
H -1.6515868 -2.9023328 -3.55184 H 0.258904 -2.2249204 -2.6555631 
C -1.6176981 -2.1901054 -1.5434252 C -0.5407728 -1.4763194 -0.8271729 
H -0.9104939 -2.9498214 -1.2331662 H 0.2974762 -1.7850757 -0.1806686 
C -2.0820799 -1.2250871 -0.5889654 C -1.6115567 -0.8143081 -0.1394619 
C -4.3618562 1.7793204 -0.6105114 C -4.7690082 1.0150454 -1.1225218 
N -5.1043362 2.5964898 -0.9837505 N -5.6193962 1.4823499 -1.7754434 
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Table S30. Cartesian coordinates for optimized geometries for 3. 
3-GS / -1358.539374 Ha 3-CSS /  -1358.467278 

O 4.291555 -2.952644 -0.085720 O 3.55757598 -3.1463923 -1.1575834 
H 4.682517 -2.035305 -0.223300 H 4.29358154 -1.6965832 -1.2653799 
N 4.471616 -0.410219 -0.289125 N 4.15214501 -0.6703811 -1.0883185 
C -1.246364 -2.476084 1.184863 C -1.0923299 -2.1224277 1.85771827 
H -1.746433 -3.393601 0.859909 H -1.7093224 -3.0381255 1.90813154 
H -1.337397 -2.486706 2.275635 H -0.8807172 -1.8700107 2.91092731 
C 0.996121 -1.434788 0.533323 C 1.12661765 -1.3894791 0.89814602 
H 0.504486 -0.470404 0.570047 H 0.93442718 -0.4090979 1.32261671 
C 0.229623 -2.564927 0.799901 C 0.23418929 -2.4351906 1.19671202 
C 0.866701 -3.818015 0.747472 C 0.52127728 -3.7427186 0.70222902 
H 0.297103 -4.723842 0.944894 H -0.1517564 -4.5633239 0.9463432 
C 2.217100 -3.916274 0.449966 C 1.6203331 -3.9711374 -0.0927835 
H 2.716683 -4.878825 0.407553 H 1.86157346 -4.9614583 -0.4657421 
C 2.987944 -2.768592 0.189767 C 2.52400053 -2.9041822 -0.4626193 
C 2.369816 -1.487059 0.221305 C 2.20383279 -1.5572457 0.03119656 
C 3.142534 -0.250795 -0.062979 C 2.9923644 -0.4010654 -0.416056 
C 2.551393 1.018460 -0.103012 C 2.61044024 0.9263593 -0.2552731 
H 1.490326 1.117796 0.064437 H 1.66538447 1.13851033 0.21914178 
C 3.324857 2.170533 -0.363880 C 3.40459947 1.99013601 -0.7582268 
C 4.710270 1.967531 -0.593247 C 4.61095052 1.63254601 -1.4404302 
H 5.382296 2.786928 -0.810475 H 5.26863747 2.37761078 -1.8649885 
C 5.209977 0.677590 -0.545226 C 4.93258997 0.3087369 -1.5907953 
H 6.267970 0.500772 -0.724876 H 5.82166899 -0.0137144 -2.1202003 
N 2.761571 3.422680 -0.394194 N 3.02905999 3.28327498 -0.6139531 
C 1.316716 3.575646 -0.276912 C 1.76598053 3.62122106 0.05147833 
C 3.571393 4.577932 -0.757696 C 3.84322074 4.35812831 -1.1826251 
H 0.781233 3.082880 -1.100566 H 0.90667711 3.19372844 -0.4763426 
H 1.067391 4.636744 -0.296171 H 1.65214732 4.70374672 0.06360174 
H 0.947505 3.163200 0.669296 H 1.75994082 3.26664202 1.0879528 
H 3.956750 4.509138 -1.785158 H 3.89716882 4.28562937 -2.2755858 
H 4.422784 4.695444 -0.077044 H 4.86025704 4.34436361 -0.7748514 
H 2.960397 5.477979 -0.683963 H 3.39173177 5.31550123 -0.9280546 
C -2.000655 -1.280699 0.630860 C -1.863341 -1.0138952 1.11730869 
C -2.174379 -0.112305 1.414997 C -2.6013044 -0.0190857 1.83498896 
C -1.596636 0.030127 2.721659 C -2.5743165 0.05563724 3.25882628 
H -0.985430 -0.768239 3.124153 H -1.9648066 -0.6703002 3.77702457 
C -1.775330 1.166268 3.469089 C -3.2781631 1.00481422 3.97708829 
H -1.320053 1.244147 4.451835 H -3.2220071 1.01854145 5.06238694 
C -2.551302 2.245757 2.963228 C -4.0628035 1.95551723 3.29152419 
H -2.694906 3.137019 3.566934 H -4.6181505 2.70881645 3.84370987 
C -3.113867 2.164478 1.715307 C -4.1249676 1.92684444 1.90976909 
H -3.701969 2.989266 1.325676 H -4.7323603 2.65547064 1.38102916 
C -2.939835 1.001187 0.902706 C -3.419901 0.95470849 1.14747665 
C -3.497481 0.914107 -0.393915 C -3.5171333 0.90017043 -0.2734814 
C -3.306062 -0.231467 -1.202167 C -2.790394 -0.0794118 -1.0184874 
C -3.854938 -0.319956 -2.518460 C -2.8993633 -0.1843949 -2.4313854 
H -4.440468 0.511620 -2.897221 H -3.5669662 0.49675399 -2.9508061 
C -3.647071 -1.430574 -3.295650 C -2.1813682 -1.1275508 -3.1480696 
H -4.070274 -1.481186 -4.294425 H -2.2896799 -1.1841247 -4.2281502 
C -2.870901 -2.514536 -2.801207 C -1.2760584 -1.9766621 -2.4762393 
H -2.695900 -3.382248 -3.430148 H -0.6524396 -2.669038 -3.0376722 
C -2.335505 -2.466263 -1.539209 C -1.13338 -1.8841177 -1.1052959 
H -1.727525 -3.293213 -1.194918 H -0.3785492 -2.4525751 -0.5412539 
C -2.536474 -1.335236 -0.681147 C -1.9255447 -0.9939775 -0.3152131 
C -4.257079 2.013743 -0.903981 C -4.3362724 1.83511178 -0.9575133 
N -4.869404 2.913991 -1.320266 N -4.9959916 2.61810502 -1.5253968 
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Table S31. Cartesian coordinates for optimized geometries for Fragment-1.  
Fragment 1 –GS (Reduced) 

-593.914907 Ha 
Fragment 1 CSS (Oxidized) 

-593.663426 Ha 
O 4.848389 -1.922453 0.176943 O 4.77040967 -1.8835368 0.1845294 
H 5.081036 -1.015357 -0.175613 H 5.03916819 -0.3477875 -0.3855474 
N 4.605769 0.517782 -0.578259 N 4.5517842 0.55600415 -0.5775235 
C 1.354583 -0.843864 0.598650 C 1.33157398 -0.8369152 0.60099696 
H 0.703622 0.012275 0.460013 H 0.65399237 -0.0005038 0.47365252 
C 0.803501 -2.009362 1.108305 C 0.80068611 -2.0333922 1.11654364 
C 1.622749 -3.130350 1.297324 C 1.61270981 -3.1691971 1.31350533 
H 1.205271 -4.050740 1.695812 H 1.17949974 -4.0802242 1.71247231 
C 2.968894 -3.069976 0.976902 C 2.94847899 -3.1101807 0.99706502 
H 3.625938 -3.922473 1.113101 H 3.61854284 -3.9529384 1.12818758 
C 3.536783 -1.891811 0.459356 C 3.54163533 -1.8991876 0.46284213 
C 2.719800 -0.739509 0.259318 C 2.67319869 -0.7200069 0.26401189 
C 3.284188 0.515430 -0.283155 C 3.22480543 0.53300829 -0.2749467 
C 2.518652 1.679887 -0.499473 C 2.4972997 1.7072046 -0.5034134 
H 1.460806 1.689895 -0.267327 H 1.43947471 1.73554355 -0.2776955 
C 3.102191 2.833971 -1.012736 C 3.10840225 2.85415365 -1.0203626 
C 4.474984 2.798700 -1.306754 C 4.48675044 2.80117543 -1.3091082 
H 4.984900 3.668429 -1.709213 H 5.00608172 3.66360283 -1.7110948 
C 5.172926 1.624682 -1.072239 C 5.18374199 1.63478139 -1.0764305 
H 6.236950 1.557340 -1.286855 H 6.24307415 1.52202626 -1.2743898 
C 2.294156 4.085075 -1.248219 C 2.32667577 4.11300158 -1.2648924 
H 2.692303 4.923250 -0.665742 H 2.74672011 4.94213066 -0.6854959 
H 1.246581 3.946532 -0.970158 H 1.27571237 4.00070028 -0.9940286 
H 2.329617 4.380992 -2.302493 H 2.38333337 4.39884825 -2.320674 
H -0.252046 -2.048451 1.356895 H -0.2546399 -2.0750661 1.36489265  

Table S32. Cartesian coordinates for optimized geometries for Fragment-3. 
Fragment 3 GS (Reduced) 

-688.572446 Ha 
Fragment 3 CSS (Oxidized) 

-688.336207 Ha 
O 4.358436 -2.909575 0.306648 O 4.29964645 -2.858983 0.44447547 
H 4.730473 -1.990044 0.151343 H 4.81151216 -1.3054649 0.02462104 
N 4.485896 -0.382762 -0.060247 N 4.43402066 -0.3580423 -0.1603557 
C 0.981901 -1.466188 0.529093 C 0.9529186 -1.4808706 0.45384333 
H 0.454369 -0.520055 0.471692 H 0.38218282 -0.5730495 0.29597156 
C 0.249587 -2.607588 0.820575 C 0.24106631 -2.6415055 0.79893929 
C 0.910395 -3.838705 0.920192 C 0.9034161 -3.866541 1.02238326 
H 0.351226 -4.742448 1.146080 H 0.33229156 -4.749806 1.28799097 
C 2.282234 -3.907238 0.739875 C 2.26944118 -3.9263547 0.90017302 
H 2.820986 -4.845622 0.819919 H 2.8314503 -4.8401274 1.05983292 
C 3.033679 -2.753164 0.451780 C 3.04790565 -2.7547919 0.54554589 
C 2.376377 -1.493454 0.325859 C 2.33525184 -1.4802051 0.31603937 
C 3.134653 -0.264370 -0.010123 C 3.07589982 -0.2553239 -0.0466378 
C 2.511493 0.961491 -0.276975 C 2.48943182 0.97936251 -0.276894 
H 1.434187 1.021915 -0.264749 H 1.41897268 1.07377349 -0.1900519 
C 3.272179 2.109086 -0.579605 C 3.26781996 2.12199937 -0.6243522 
C 4.679630 1.949708 -0.619637 C 4.68068097 1.93302616 -0.7236067 
H 5.342950 2.771088 -0.854642 H 5.34604545 2.74383761 -0.981545 
C 5.211311 0.700416 -0.359778 C 5.21293998 0.69505728 -0.4867966 
H 6.288833 0.554712 -0.393703 H 6.27683917 0.49988156 -0.5488712 
N 2.679167 3.323951 -0.827435 N 2.69874405 3.32389565 -0.8486043 
C 1.229267 3.438046 -0.848376 C 1.24709753 3.49594016 -0.7405431 
C 3.493015 4.463163 -1.223139 C 3.52790616 4.48107022 -1.2049655 
H 0.775124 2.829617 -1.642828 H 0.71773147 2.86090319 -1.4591283 
H 0.954693 4.478953 -1.020263 H 0.99616289 4.53203805 -0.9579646 
H 0.790974 3.130268 0.108653 H 0.89466203 3.26684267 0.27097323 
H 4.023714 4.286592 -2.168874 H 4.07065215 4.30605031 -2.1397312 
H 4.236996 4.710485 -0.456218 H 4.24558735 4.71318215 -0.4111816 
H 2.849879 5.333518 -1.354370 H 2.88476927 5.34753975 -1.3440162 
H -0.822952 -2.542009 0.972896 H -0.8384392 -2.5870998 0.89354601 
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Table S33. Cartesian coordinates for optimized geometries for 9-cyanoanthracene fragment. 
9-cyanoanthracene fragment - GS (oxidized) 

-631.788948 Ha 
9-cyanoanthracene fragment - CSS (reduced) 

-631.821585 Ha 
C -9.509052 -2.485110 -0.010925 C -9.543692 -2.4951675 -0.0111007 
C -8.140171 -2.468214 -0.000863 C -8.1554822 -2.4633657 -0.0010112 
C -7.421519 -1.232606 -0.005434 C -7.4346079 -1.2396796 -0.0054703 
C -8.163007 0.003689 -0.020884 C -8.1820732 -0.0041462 -0.0209605 
C -9.588925 -0.055529 -0.031030 C -9.5930322 -0.0730774 -0.0309255 
C -10.239009 -1.262613 -0.026179 C -10.266641 -1.2921266 -0.0261548 
C -6.022434 -1.194665 0.004678 C -6.0215417 -1.1961834 0.00470121 
C -7.445923 1.225736 -0.025358 C -7.453816 1.23915638 -0.0255137 
C -6.029429 1.258550 -0.015084 C -6.0133118 1.27140201 -0.0150634 
C -5.309334 0.009679 0.000305 C -5.2967896 0.01767847 0.00033481 
C -3.880228 0.037282 0.010712 C -3.8770216 0.05301995 0.01060532 
H -3.345618 -0.908518 0.022282 H -3.3413633 -0.8949318 0.02219799 
C -3.200204 1.225461 0.006222 C -3.1745808 1.25084856 0.00620307 
C -3.913845 2.457552 -0.008980 C -3.8746239 2.46735942 -0.0087691 
C -5.284698 2.476008 -0.019321 C -5.2673681 2.4710684 -0.0191496 
H -5.471168 -2.132016 0.016313 H -5.469602 -2.1346825 0.01634913 
H -10.045078 -3.429158 -0.007341 H -10.066796 -3.4494323 -0.007338 
H -7.573420 -3.395110 0.010798 H -7.5873573 -3.3922221 0.01067875 
H -10.151077 0.872620 -0.042667 H -10.155708 0.85655006 -0.0425835 
H -11.324402 -1.289812 -0.034046 H -11.354343 -1.3069814 -0.0341432 
H -2.114659 1.235139 0.014213 H -2.0863875 1.24426743 0.01434213 
H -3.362583 3.392955 -0.012389 H -3.3330274 3.41077857 -0.0123146 
H -5.822658 3.418384 -0.030882 H -5.8063774 3.4146128 -0.030723 
C -8.170992 2.458665 -0.040640 C -8.1702755 2.45745684 -0.0406091 
N -8.761458 3.462819 -0.053083 N -8.7650734 3.46898573 -0.0531644 

 

  



Parada et al. Supplementary Materials Proton-Electron Transfer in the Marcus Inverted Region 
 

 67 

8. Mechanistic analysis of PCET recombination.  

CSS → GS recombination could in principle proceed by CPET, or by the stepwise mechanisms of 
initial PT followed by ET (PT-ET mechanism), or initial ET followed by PT (ET-PT mechanism). 
These are depicted in Figure S57. The stepwise mechanisms for the CSS recombination implicate 
intermediates that resemble those proposed for ET-PT and PT-ET in thermally activated, 
bimolecular oxidations of phenol-base compounds. In the latter systems, such intermediates have 
been shown to typically be higher in energy than the reactant and product states, and often no local 
minimum on the GS potential energy surfaces was found for the proton transferred species 
(Intermediate 1 at the top of Figure S57) (18,45,52-58). 

      
Figure S57. PCET mechanistic pathways for CSS recombination.  

 

 Initial PT1 from the CSS (An•––PhO•–pyH+, a zwitterionic biradical) would give another 
zwitterion with an anthracene radical anion and phenol radical cation (An•––PhOH•+–py). This 
species would then undergo ET2 to repopulate the GS (PT-ET mechanism). Initial PT1 from the 
CSS is estimated to be endergonic. The pKas of the reactant free pyridiniums in MeCN are: p-Me-
pyridinium, ~13; p-MeO-pyridinium, 14.2; p-NMe2-pyridinium, 17.7; and the pKa of the product 
protonated phenoxyl radical in MeCN is ∼ 0, based on the pKa

  of tBu3PhOH•+ in MeCN (3,59). 
Using these values, initial PT1 is estimated to be endergonic by ca. 0.9 ± 0.1 eV. The following ET2 

is therefore estimated to be highly exergonic by > 3 eV. While this value in MeCN is only an 
approximate estimate of the intramolecular PT1 in CH2Cl2, it is not possible for a reaction that is 
even close to this endoergic to occur on the sub-ns timescale. In addition, the most acidic 
pyridinium (p-Me-pyridinium in 1) would show the fastest CSS recombination, however, the 
opposite trend is observed (Table S1).  

 Initial ET1 from the CSS would form a zwitterion localized on the phenol-pyridine portion 
(An–PhO––pyH+), which would then undergo PT2 to repopulate the GS (ET-PT mechanism). First, 
we analyze the energetics of the steps in this possible mechanism. Initial ET1 from the CSS is 
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estimated to be exergonic by ca. -1.1 eV, based on the reduction potentials of the cyanoanthracene 
(An/An•–, E° = -1.8 V vs Fc, Table S3 and Figure S51) and phenoxyl/phenoxide 
(tBu3PhO•/tBu3PhO–, E° ≈ -0.7 V vs Fc) couples in MeCN. This estimated exoergicity using the 
separated molecules is a lower limit of ET1 in the triads, because the nearby cationic pyridinium 
moiety in the triads will shift the phenoxyl/phenoxide couple towards more anodic potentials (easier 
to form the phenoxide). PT2 is estimated to be exergonic by ca. -0.9 eV based on the pKas of the 
independent p-(Me/MeO/NMe2)-pyridinium cations and tBu3PhOH in MeCN (28). These values of 
ET1 and PT2 sum to ~ -1.8 V, but they should sum to the calculated value of ∆G°CPET (-2.45±0.18 
eV for 1-3) to close the thermochemical cycle, again indicating that these estimates with individual 
fragments underestimate the ET1 driving force. In sum, both steps in the ET1-PT2 mechanism are 
clearly quite exergonic.  

 While the ET1-PT2 mechanism is energetically possible for 1-3, it is not consistent with the 
pattern of rate constants. The differences in kCR are up to the factor of 2.8 between 1 and 3 in 
CH2Cl2, while rate-limiting ET1 should be quite insensitive to the pyridinium substituents since the 
proton is not moving in this step. There is a similar ratio of rate constants for the initial CS step for 
1 and 3, which has been identified as CPET (ET with proton movement). The ∆∆G°CPET values of ∼ 
0.18 eV for 1-3 both in CS and CR are due primarily to the ∆∆G°PT ∼ 0.17 eV based on their ∆pKa 
in CH2Cl2 (22). Thus, the differences in kCR between 1 and 3 implicate proton transfer. 

 The ET1 rate constant could be affected by the differences in the O•…HN+ hydrogen bonds in 
1 vs. 3, but the evidence is that this is a very small effect. Even large differences in H-bonding 
(presence versus absence of it) induce only small changes in the E° of in phenoxyl radicals (18). 
Differences in H-bonding in such molecules are indicated by changes of multiple ppm in the 1H 
NMR chemical shifts of the phenolic proton, but these differences are relatively small for 1-3: δ 
OH· · ·N for 1 (14.36 ppm), 2 (14.39 ppm), and 3 (14.80 ppm). It is expected that similar small 
differences affect the CSSs. Thus, the small differences in H-bond strength in 1-3 are expected to be 
too small to move the reduction potentials (E°) of the phenoxyl/phenoxide couples to induce 
sufficient differences in the ET1 rate constant to account for the observed variation on CSS decays.  

 In addition, we have looked computationally at Intermediate I, the zwitterion localized on the 
phenol-pyridine portion An–PhO––pyH+ that is the product of ET1. Despite extensive efforts, no 
minimum was found for this species on the GS potential energy surface in the DFT calculations, 
suggesting that it is not a stable state. This result is not so surprising for a strongly hydrogen-
bonded adduct in which the proton tautomers differ in energy by ca. -0.9 eV (see above). 

 These various arguments together strongly implicate CPET as the mechanism for CSS decay. 
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9.  X-ray crystallography. 

 Low-temperature diffraction data were collected on a Rigaku R-AXIS RAPID diffractometer 
coupled to an R-AXIS RAPID imaging plate detector with Mo Kα radiation (λ = 0.71073 Å) for the 
structures of 1 and 5. Low-temperature data were collected on a Rigaku MicroMax-007HF 
diffractometer coupled to a Saturn994+ CCD detector with Cu Kα (λ = 1.54178 Å) for the 
structures of 3 and 12. The diffraction images were processed and scaled using the Rigaku 
CrystalClear software (40) for 1 and 5; Rigaku Oxford Diffraction software (60) for 3 and 12. The 
structure was solved with SHELXT and was refined against F2 on all data by full-matrix least 
squares with SHELXL (51). All non-hydrogen atoms were refined anisotropically. Unless stated 
otherwise, hydrogen atoms were included in the model at geometrically calculated positions and 
refined using a riding model. The isotropic displacement parameters of all hydrogen atoms were 
fixed to 1.2 times the U value of the atoms to which they are linked (1.5 times for methyl groups). 
The full numbering scheme of compounds 1, 3, 5 and 12 can be found in the full details of the X-
ray structure determination (CIF). CCDC number 1877696 (1), 1877697 (3), 1877698 (5), and 
1877699 (12) contains the supplementary crystallographic data for this paper. 
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Table S34. Details of X-Ray Crystal Structures 1, 3, 5, and 12 

Compound 1 3 5 12 

Data Code spider-16085 007b-17022 spider-17017 007-17035 

CCDC Number 1877696 1877697 1877698 1877699 

Empirical Formula C28H20N2O C29H23N3O C27H21NO C23H16BrCl2NO 

Temperature (K) 93(2) 93(2) 93(2) 93(2) 

Wavelength (Å) 0.71073 1.54184 0.71073 1.54184 

FW 311.32 429.50 376.20 473.18 

Crystal System Triclinic Triclinic Triclinic Monoclinic 

Space Group P1� P1� P1� P21/n 

a (Å) 8.9585(6) 10.1843(8) 8.8682(6) 4.53170(10) 

b (Å) 11.2801(8) 10.6292(8) 9.9874(7) 23.7562(5) 

c (Å) 11.7621(8) 11.1285(7) 11.5922(8) 18.7351(4) 

α (º) 100.230(2) 11.1285(7) 110.155(2) 90 

β (º) 111.670(2) 67.717(7) 92.292(2) 93.715(2) 

γ (º) 108.534(2) 73.040(7) 98.399(2) 90 

V (Å3) 986.87(12) 1065.12(15) 948.99(11) 2012.71(8) 

Z 2 2 2 4 

ρ (g/cm3) 1.348 1.339 1.314 1.562 

µ (mm-1) 0.082 0.647 0.079 5.333 

Completeness 100% 98% 100% 100% 

Data / restraints / parameters 4526 / 0 / 285 3710 / 0 / 305 4336 / 0 / 267 3579 / 1 / 257 

R1, wR2 (I > 2σ(I)) 0.0364, 0.0932 0.0407, 0.1071 0.0373, 0.0969 0.0275, 0.0678 

R1, wR2 (all data) 0.0547, 0.0978 0.0488, 0.1195 0.0542, 0.1008 0.0277, 0.0679 

GOF 0.894 1.079 0.957 1.059 

Largest Diff. Peak, Hole (e Å-3) 0.279, -0.219 0.264, -0.263 0.309, -0.289 0.507, -0.474 
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Refinement details for 10-(4-hydroxy-3-(4-methylpyridin-2-yl)benzyl)anthracene-9-
carbonitrile (1). The phenolic hydrogen H3 was found in the difference map, and the position and 
thermal parameters were freely refined. See Table 33 and Figure S60 for information on atom H3. 

 

 
Figure S58. The complete numbering scheme of 1 with 50% thermal ellipsoid probability levels. 
The hydrogen atoms are shown as circles for clarity. Dashed lines highlight the hydrogen bond 
interaction. 
 
Table S35.  Hydrogen bonds for 1 [Å and °]. 
____________________________________________________________________________  
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
____________________________________________________________________________  
 O(3)-H(3)...N(2) 0.955(18) 1.672(18) 2.5549(13) 151.9(16) 
____________________________________________________________________________  
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Figure S59. The Fourier difference map of total electron density in 1 (0.07 e/Å3 isolines) highlights 
the plane of the amide {O3 C21 C22 C23 N2}, excluding contributions from H3 so as to show its 
effective position. 
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Refinement details for 10-(3-(4-(dimethylamino)pyridin-2-yl)-4-hydroxybenzyl)anthracene-9-
carbonitrile (3): The phenolic hydrogen H1 was found in the difference map, and the position and 
thermal parameters were freely refined. See Table S34 and Figure S62 for information on atom H1. 
Several reflections were obscured by instrument artifacts and omitted from the least square 
refinement. X-ray extinction was also freely refined for in this model; the extinction converged at a 
value of 0.0053(6). 

 

 
Figure S60. The complete numbering scheme of 3 with 50% thermal ellipsoid probability levels.  
The hydrogen atoms are shown as circles for clarity. Dashed lines highlight the hydrogen bond. 
 
Table S36.  Hydrogen bonds for 3 [Å and °]. 
____________________________________________________________________________  
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
____________________________________________________________________________  
 O(1)-H(1)...N(2) 1.00(2) 1.59(2) 2.5338(15) 154(2) 
____________________________________________________________________________  
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Figure S61. The Fourier difference map of total electron density in 3 (0.035 e/Å3 isolines) 
highlights the plane of the amide {O1 C19 C20 C22 N2}, excluding contributions from H1 so as to 
show its effective position. 
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Refinement details for 4-(anthracen-9-yl-methyl)-2-(4-methylpyridin-2-yl)phenol (5): The 
phenolic hydrogen H1 was found in the difference map, and the position and thermal parameters 
were freely refined. See Table S35 and Figure S64 for information on atom H1 

 
 

 
 

Figure S62. The complete numbering scheme of 5 with 50% thermal ellipsoid probability levels. 
The hydrogen atoms are shown as circles for clarity. Dashed bonds highlight the hydrogen bond 
 
Table S37.  Hydrogen bonds for spider-17017 [Å and °]. 
____________________________________________________________________________  
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
____________________________________________________________________________  
 O(1)-H(1)...N(1) 0.98(2) 1.67(2) 2.5787(14) 152.8(18) 
____________________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
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Figure S63. The Fourier difference map of total electron density in 5 (0.07e/Å3 isolines) highlights 
the plane of the amide {O1 C1 C6 C7 N1}, excluding contributions from H1 so as to show its 
effective position. 
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Refinement details for 10-(3-bromo-4-hydroxybenzyl)anthracene-9-carbonitrile (12): The 
phenolic hydrogen H1 was found in the difference map and, and the thermal parameter was freely 
refined. The position parameters were semi-freely refined with an O-H distance restraint of 0.93(2) 
Å, as suggested by the difference map. See Table S36 and Figures S66 and S67 for information on 
atom H1. 

 
 

 
Figure S64. The complete numbering scheme of 12 with 50% thermal ellipsoid probability levels.  
The hydrogen atoms are shown as circles for clarity. 
 
Table S38.  Hydrogen bonds for 12 [Å and °]. 
____________________________________________________________________________  
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
____________________________________________________________________________  
 O(1)-H(1)...N(1)#1 0.908(17) 1.904(18) 2.808(2) 173(3) 
____________________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
#1 -x+1/2,y+1/2,-z+3/2 
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Figure S65. The Fourier difference map of total electron density in 12 (0.08e/Å3 isolines) highlights 
the plane of {C20 O1 N2}, excluding contributions from H1 so as to show its effective position. 

Figure S66. The hydrogen bonding in 12 with atoms and H1 shown as circles for clarity; most 
hydrogen atoms are omitted. The hydrogen bond interaction is highlighted with a dashed line. 
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Table S39. Summary of experimental and calculated structural parameters of the hydrogen bond in 
1-8.  

dO···N / Å dO─H / Å <(OHN) / ᵒ δ(ppm) 
XDR DFT* XDR DFT* XDR DFT* OH···N‡ 

1 2.5549(13) 2.547 0.955(18) 1.011 151.9(16) 149.9 14.36 
2 --- 2.546 --- 1.011 --- 149.9 14.39 
3 2.5338(15) 2.529 1.00(2) 1.018 154(2) 150.7 14.80 
4 --- 2.564 --- 1.003 --- 148.7 13.17 
5 2.5787(14) 2.549 0.98(2) 1.01 152.8(18) 149.9 14.31 
6 2.566(5)† 2.553 1.02(3)† 1.009 153(7)† 149.7 14.1 
7 --- 2.564 --- 1.004 --- 148.8 13.3 
8 --- 2.584 --- 0.997 --- 147.8 12.64 

* Data from calculated geometry optimization using DFT (B3LYP/6-31++G**) CPCM of CH2Cl2. † Data from ref (16),
‡ triads 1-2, 4-8 in CDCl3, triad 3 in CD2Cl2. 



Data S1. Triad 1 UV-VIS TA in CH2Cl2. 

Transient absorption UV pump/Vis probe for triad 1 in CH2Cl2 shows spectral features and time evolution of the 

LES and CSS.  

Data S2. Triad 1 mid-IR TA in CH2Cl2. 

Transient absorption UV pump/mid-IR probe for triad 1 in CH2Cl2 shows spectral features and time evolution of the 

LES, CSS and GS. 
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